WD 2004/ 061903 PCT/ US2003/ 039878 METHOD FOR FABRI CATI ON OF SEM CONDUCTOR
DEVI CE This application clainms priority to U. S. Patent Application Serial

No. 10/ 32%, ?}3? ijIéed Decenber 18, 2002, entitled "Method for Fabrication
of  Senmi coN@AUI1¥3vi ce”, and to the CIP application enttSTEROKRIRE f or
Fabrication 5 of Sem conductor Device", filed Decenber 9, 2003. BACKGROUND
OF THE INVENTION Field of the Invention The present invention relates to

| ogic arrays and fabrication nethod for customintegrated circuit 10

Di scussi on of Background Art Sem conductor manufacturing is known to inprove

device density | METHODH FOR FABRCEITON OF $SEMECONDUEIOR DEVIEENt S dO

cone with a price. The cost of nmask set required for each new process

]E egh_nol ogy has be®hisiapplication nlﬁimsgxinﬁtyetﬂl@l. P;tentIAprgiﬁdﬁin? &n'iarl]NOe Im ni mum
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i ncreasi ng cRahicendRt Devide”] dnd't6 tHe SIPQAPDIKaGey Ehtitled "Muthdd fof Fabricatiéi" 9et
smal | er volune and | ess diverse narkets therefore making the increased cost

of product def/Sénuipomshucton Mevicel filed Decentben®2M3Act uring flexibility very hard
to accommodate. 20 Custom | 1 i egnented into two
groups. The first group |nﬁmﬁwc@§ﬁﬁwf%ﬁ their layers custom
made. The segpifofth®WVehfied Udes devices that have at | east some generic

| ayers used across diffrerent custom products. Well known exanples of the
second ki nd are GEhepresentynventigr relatesse loginasrays and fabrisatidngmethod forayers up to
contact | ayer,  and FPC@@ Wni.%:h utilize generic layers for all their 25

| ayers. Thi &2%%“8%?8"%? ﬁm& customintegrated circuits is also sonetines
cal | edjgsem - Didetidsion ofBackpPuAdArit 0 their broader applicability. The generic

| ayers in such devices are nostly a repeating pattern structure in may
form The use of Samispnductesyragnyfag s8§mwut9|n@peqyp|dma@d@wtnmvi des savi ng
e

econon es of LAl S BRt G hu Mol ERRIERs U8 cbhi® offid e PSS 72

i ntroduced aof mgskcsetreguired fo? @ach new process technology has been increasing

exponentially. In addition, the minimum fabrication quantity due to the increases of

15 wafer size has also increased exponentially at the same time.

These changes represent an increasing challenge primarily to custom products,
which tend to target smaller volume and less diverse markets therefore making the
increased cost of product development and reduction of manufacturing flexibility
very hard to accommodate.

20 Custom Integrated Circuits can be segmented into two groups. The first group
includes devices that have all their layers custom made. The second group includes
devices that have at least some generic layers used across different custom products.
Well known examples of the second kind are Gate Arrays, which use generic layers
for all layers up to contact layer, and FPGAs which utilize generic layers for all their

25 layers. This second group of custom integrated circuits is also sometimes called semi-
custom devices due to their broader applicability. The generic layers in such devices
are mostly a repeating pattern structure in array form.

The use of generic layers across multiple application provides saving for the
individual custom product with respect to the cost of masks and economies of scale.

30 In 1996 Chip Express of Santa Clara, California, introduced a logic array called
CX2000 that utilized a base logic cell equivalent to about 4 logic gates. At a later



CX2000 that utilized a base logic cell equivalent to about 4 |ogic gates.. At
a |later WO 2004/061903 PCT/ 1JS2003/039878 tine Lightspeed Sem-conductor of

Sunnyval e, California, introduced their 3G Modular Arra ,Eroduct famly.
These nor WOIHBMNS | ogi ¢ arrays use generic |ayers, coﬁ% /DS3003/0398%% | y
repeating pattern, also for sone of the netal |ayers such as contact,

Metal -1, Via-1 and Metal-2. These types of logic arrays are sonetine called
5 Modul e Arrays and require |less customlayers. A very advanced Modul e Array
t echnol ogy was introduced by eASI C of San Jose, California, in Septenber

2000. That Mot ign@peedientiasiRuetorSf $unmkHlé Clifoiti, Afoliedkhd 300 Metal -2 10
a

define the Togi ray, in conjunction with generic |ayers such as Metal-3
and Met al - 4 ModulgrrAswaydprodud dareily. Thesemereadvanced fogisr drrays Ubregeperie tayers,

connectivity fahric copprises of 10 r atin tter that are al so
structured iQMRPFIRG 0Q CRSAE DAt ﬁ&{tsorgﬁpg ’F"égﬁﬂﬁriﬂﬁ #Feduce the
nunber of cugLAB MEALS Vigddhd MbtflY THESIges P RigRitrfads bl SonRfhPe Called

t echnol ogy, ng’g ga’escri bedli n US patent 6,331,790 i s goi ng further t%vvard t he

goal i ni niMbdule Arays andnequiod lesscustom laperi A sery advanged

i ngl e- cust om,vi k. The |ogi t echnal.@qy . i d i
Fabri o that Pengioey s sutedpesd P A ST kan SR, Callinis. o SANEERARBOS; ot 2t i on
stage. As desi 9“%@%&[&&?a}‘@ixﬁéh'%éné’ﬁdia?éiéQlchiaBMétﬂ-ﬁiﬂ&MEtallﬁtbeéﬁﬂ‘e and

menory each one needs, vendors of Togic array create product famlies with

a nunber of thelgirarglyi ineconjiooton with genesin daversfsurlpay Metahd andMatalyd toi ze

options. Yet, it is always a.challen to Done _up'. wi m ni num s of

Vast or 11 calropin? B5irt S B cthe stperRomsv i b BB Wes gns. 20
U. Sjppat erfepeating pattetfthhtue 6o buchabPinHliialy fornBBueh hitaddehtehit dIRWE todi scl oses

a nmethod "to provide a gate-array LSl chip_ which can, be-cut intg' a

plurality of peduce ghamaler of eustain fayens sequirgd forlesign eustemizatioth §A81@esi r ed
ol f e ) DI o rtoin th
o or ences- ceglody BRRARM t U palbafo 31,10 5 oD e AR @ 571 11 1

structure f ominimidirdgf the amnber of eustbmansskomddeqiires only2bsifigle caster wismaskct ur e
fits the objective qf variabl izing. The difficulty to. provid

vari abl e-si zed deﬁ}eﬁgg‘c i@aﬂﬁeﬁﬁﬁowgﬁﬁs@anafg%m#}m%@at 5568%%%3 14
associat ed ?ﬂ&'ﬁ B&SH usiSitizeSo h aq%@ / is
lim t611t§i on Sﬁ 0 shggggl?s ag-&ﬁgtehod V\/nernte%g%bgf:gul ggndc%(r?g?’}%%)tcg%ﬁﬂ%mthe
transi st or s inile amount of bgicland dandmary eadheong aredsavendoryiof logit amsay oxeate i | ar

appr oach Waspr%éuscg famith evsvitﬁg'n%bérngf%gs?er} 'Sliléjéssdovering a range of logic and
memory size options. Yet, it is always a challenge to 6ome up with minimum set of
Master Slices that will provide a good. fit for maximal umber of designs.
20 _ - U.S. patent. 4,733,288 issued to-Sate’ Shinji Sato in.March 1988,‘discloses'a
method “to provide a gate-array LSI chip which can be-cut into-a plurality of chips,

each of the chips having a desired size and a desired number of gates in accordance
. with a circuit design.” The prior art in the references cited presents few alternative
methods to utilize generic structure for a different size of custom devices.

25 The array structure fits the objective of variable sizing. The difficulty to
provide variable-sized devices is due to the need of providing I/O cells and associated
pads to connect the device to the package. To overcome this limitation Sato suggests
a method wheré /O could be constructed from the transistors that are also used for

. the general logic gates. A similar approach was also suggested by Anderson. U.S.

30 Patent 5,217,916 issued to Anderson et al. on June 8, 1993, discloses a configurable

gate array free of predefined boundaries—borderless—using transistor gate cells, of
2



30 Patent 5,217,916 issued to Anderson et al. on June 8, 1993, discloses a.
configurable gate array free of predefined boundaries-borderl ess-using
transi st orwgatmaesoss, of 2 WO 2004/ 061903 PCT/ US2003/ 0p@8A520038a9878ne t ype
of cells used for logic, to serve the input and output function.

Accordi ngly, the input and output functions may be placed to surround the

| ogic array sized for the specific application. This nethod presents a
severe limtation on the 1/0 <cell to use the sane transistors as used for

|76, 0P pathrat bbbl Realihions e B Ak A B BAGIOR2L 05, o6t
suggest s theA‘éﬁ@rdﬂ:{gl%%ilth%a oﬁ?mcm%m@mﬁé&ey&s@fmdw%guaﬁﬁﬂ by an

1/0 array -conventl structured - but "having these mcro-arrays
i nt er connect sited for theosperific applietion  Thismethivd presentasexereihnitation gg ¢be EOf ew ways

to use the 1/ hat end up 10. internal_in the "¢ it rray' sueh as to

drive signal ggl}%ooqﬁeéppesame&qggxgéorsﬁ%%foa (REF aﬁ‘?%@%ﬂ@?a@%%g%dmﬁg ng bunp

and flig-chi Biéh%ﬁ%k%tﬁ%%oltlﬁbefoﬂfew suggested by Padmananabhan has sone
. F [

severe limtations. r exanpl e having each mcro- array surrounded by an
|/ O array resultsU.S patent fi721,05 hissued t& Badmananabhan etalyon Bebyd4.t1998al | ow for a
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limtations. It"is known in the art..that UO andpads.do not awd tc be gat
the edge, of foime ‘compositeriayt. Madmaranabhan:saggests fen waysto usesheddQ thapendiupe usi ng

the flip chi - trolled col hi_p. don) . t eobnol pgyd | bed
UL SI® i e dpBualndnd “SSiipbaie sy S5ich 86 i Biah BRI G mickRREY 8200 teea.
for over 30 Wfaher drito bBUBﬁdedﬂﬁin@fbﬁﬁlFQnd €1§77Fhip eschndIBEY IThE mekhodisigsedted

approaches the bonding g‘gldhs?éare deployed in an area_ array over the surface

of the chip Pbydadmasangb seme sevaredimitagiops & or exammle havingeashmiore- ar ea |/ O
L aceg . ' i ;
P8 t1 ona ey sAEARBEEPa U0 Sraf MAUPATHEMAT sy SRABRNhel rgBhb | © 10

25 proper di silowlfot 4 reasoubble baticiefilogie trinsi3tors td MO teansistorsa@hat resSltd/MARS’ OF THE

| NVENT] The present .invention seeks t rovide a ndexv r;}a“lgd for
sem colriuct orsuggestion to have “unused macro-arrays being cut away and discarded™

- The current invention seeks to overcome manyof the prior-art limitations. It is
known in the art.that /O and pads do-hot.nged to beat the edge. of tlie sémiconductor
devige, Semiconductor devices: could be using the flip chip or C-+4 (controlled
collapse:chip ¢onmection).techriology described in U.S. patents 3,401,126 and

20 3,429,040 by Miller that had been. used for-over 30 years in IBM’s mainframe
. computer: modules. In these approaches the bonding pads are deployed in an area
_ array over the surface of the chip known as area bonding and may use I/O cells
.known 35 area I/Q placed near the area pads. Flip Chip packaging is known in the art
to use an additional final metal layer known as the redistribution layer, to allow-
25 proper distribution of the device I/O to the area pads.
SUMMARY-OF THE INVENTION
The present invention seeks to provide a new method for semiconductor;
device-fabrication that:is highly desirable for custom products. The current invention
suggests the use of direct-write e-Beam in conjunction with a continuous logic array.
30 - The continuous array utilizes area: /O with area pads to allow variable sizing of
designs and placing them on a wafer with various numbers of repetitions. The current
3



device-fabrication that;is highly desirable for custom products, The.
current invention suggests the use of direct-wite e-Beamin conjunction
with a cowo zeogesssdsogi c array. 30 The , continuous array RET/US2003038%a. 1/0
with area pads to allow variable sizing of designs and placing themon a
wafer with various nunbers of repetitions. The- current 3 WO 2004/061903
PCT/ US2003/ 039878 invention provides solution to the chall enge of high cost
of mask-set and low flexibility that exist in the currently-comon nethods

of sem conductor, fabrication. An addjtional. advantage of t invention is
that it redud¥enhoperoy S&%Pn&meﬁhﬂ-{fp%?ﬁ?%ﬁosfﬂ’{amﬁﬁﬁwﬁ?&ﬁ& ent mask sets
required in ﬁ%ﬂﬁﬁty.ltﬁat%&ﬁvinqﬁe a‘&?@@féghﬁn& HEReE Ffseiftdhaiictsy fabiisation e

current invention-inproves upon rror art 1n many respects, Including
the way the Asaiditiowhladvantageof the invention isthatritrddwoes thethiglecosebfit ed  t o net hods
of fabrication of sem conductor devices. The, prjor , art ref]ected. the

noti vation t@%@‘t@ng ?WX.WQNFEQSE%W mp‘ﬁ@?’cﬁ?rfr FCEERIVH and
therefgre sayhpPofifat3fiod. Thbbfibtht i3 inibVes Bl telgiior uftfd fighy the 10

notivafion to Save on the cost of masks wth resp ment t hat

woul d have brspects} ineludingdhe way theasemiconguctori devisk #cstruotuogskandshoseaélatedst er
slices. The curreé}is fi vention, al so geeks, to provide the ability to
5 é’@’i@

i ncorporate toapeth al;lc.pquﬁgnnqgg cﬁ?ﬁ‘if@’_\‘fle e. The current invention
provides a met hodpy QB &hed tRE R VAR tibbtier it ARRRSIce sDR 16 Rkt | 09I C

and nmenory required. 5§£Fhe main polnt of the current invention is the use
of area 1/0 #pplioationiand thereforersaiing onsvasted silicon. e cprrenti ivesntion ceflectstbmous

terraiin of logi.c and 1/0 a al so. provides t bility tgQ.m x-ipn continuous
Lorralll of nRETaioRte fveoh Lk coster Bhtks Mk ekl Siinvesipem o Vionll SERDE
The current h&%%&d&aaw&%qﬁj&atmwmpﬁce?rﬁegse?aﬂmmlﬁa'rrlaeun?anl ayer to

connect the area 1/0 to area pads, many of imtation of the 20 prior
art are over toemtionalsgrseeksde prayidel the abilityde insiorporate memong blotksin the ovi ded. The

current invention alsg. suggests to utili.ze e Arrav. “addi ti onal
| ayers such 8‘%5%0%@?‘3?3-' ?h%ﬁ‘g%r@mf’% ODaér 8“85%%%?@'%@1%(:%0%6 %ed{sgi?%{wb such
bor derl ess cfpdchihe dtnouhtiNegic andhmetdosy requiieed. t he current invention also
suggests the use of segnmented routing whereby some of the connectivity

| ayer d5are al so gEhempia pai ofihg curreet 1aventen isdhe useof arpadiChta prawide at errain. I n
such fabric ghlep, SEWabit RhHronas: 4 Sntfudid e 6£Rgiink $/0™RRT also provides
the ability to mix-in continuous terrain of memory with islands of special functions
- like PLL and SERDES. The current invention shows that with area /O and
‘redistribution layer to.connect the area I/O to area pads, many of the limitdtion of the
20 prior art are overcome. A greater level of flexibility is therefore provided. The current
invention also suggests to utilize Module Array , whereby additional layers such as
- Metal-1 and Metal-2 are generic and would be part of such borderless continuouis
terrain. Furthermore, the current invention also suggests the use of segmented routing
whereby some of the connectivity layers are also generic and would be a part of the
25 continuous terrain. In such fabric only few layers need to be customized while most
of the layers ate generic and consist primarily of a repeating pattern. A favorable
embodiment of the current invention is a continuous terrain customizable by single
custom via layer, Furthermore, the current invention suggests the use of direct-write
e-Beam for those few custom layers. An added advantage of the current invention is
30 the use of direct-write e-Beam on the continuous terrain to provide on the same wafer
different product types, with different amount of product units of the various product
4 _



of the layers are generic and consist primarily of a repeating pattern. A
favorabl e enbodi nent of the current invention is a continuous terrain
custom zable by single customvia layer. Furthernore, the current invention
suggest s VASOUKWIYB direct-wite e-Beamfor those few dfSHBRPIUPBE  An
added advantage of the current invention is 30 the use of direct-wite
a- Beam on the continuous terrain to provide on the sane wafer different
product types, with different anount of product units of the various product
4 WD 2004/ 061903 PCT/ US2003/ 039878 types. The very large size of current
wafer allo NSty 9&%&% SEuttBhtiwafertM6Ws Alindrédd §falePRt uhiRRacHf | t On a
e

singl e wafer>" Therefor he current invention allows to provide "on-demand"
. sem conduct afiffetentityse, built.dncacsingle mafer\iThereforsiee Qurenbinyesntioncallowd tget few units

of one type of .deyice for, prototype r.k, whi another may qget 5 few
hundr edsygf R!I%‘()H%\é’é“ Waqdog?’{)’ﬁ? St%\agﬂﬁ{:?f“ﬂ’rﬁ?&%mg’ f"&ﬁfﬁ %Pe)s{ci“ PE™Shaf er
fabrication Q{RCREfew dlts?If oAMMyDE 6P dévideor ﬁk%td‘thﬁﬂ&k] while Widtherb@dydge | ess

kl
terrain, the curtent invention suggests wafer vel custom zati'on using
equi pnént | ifew hihdreds ofideivices for Bava volame prafiuctiony all Heonwa sipgleuwdfery hi ghl y
flexible di c'ﬁg usi nl% e%ui pment |ike | aser-based dicing. 10 Such equi pnent
all ows m x GRHPRATOSFSSyar i ous die sizes on the wafer, as opposed .to the
saw di ci ng conmo hle 'aﬂ;iﬁt&rwimwﬂataséeﬁwnr' [ 2 cilireatifvention 9
conpl ete strai gh?h%/?ur@‘saﬁfdrlor‘r?gﬁfeﬂ\/vaf ef edge to the other. An add%d. advant age
of the' cursuggests waferleve susiomizatioreusingequipraant like didect-avrite kdieamaandus pad
terrain so si.ngl robe. car.d.caul d. be .use.for vari evi ces, ... 15 The
present i nve‘h?‘ggﬁleé’P ifg“?&gigg'flx(ﬁéf‘ig!ﬁ cﬁ@ﬁ%“ﬁlﬂ%%‘*}%lﬂeﬁi%eg%ﬁﬁﬁ ficing. i ce
i ncl udpng bogigareh@smehOiots ndik aAd mafth@vhidis digized on@lé Wafer,dlopposed ayer for
redistributing at [east sone of the:area;, UQs.. Preferably. sane ofthepads
acp; used. t oLtothesawt dicing cemmonbyritsed inghe indyster which requires dicingglorgy i c e s - a

t t d: I I i - :
por i on of "t fEwits Srataf igefirbm B Hlacd o8B byhondk A sdaby b LOf Y, OF
i ncl udes a beurraf ineaRionBIDthe we bbatea pdds ahdhambdgenblicpddterrainds siaglel Ncl udes a

modul e array. Preferabl ﬁ the. |l ogic y includes :interconnections within
the | ogic arprabe capheould he psfor ¥aHqus 46 Vi8S i nt er connect i ons
15 The present invention also seeks to provide an improved semiconductor

device including horderless logic array; area I/Os; and a redistibution layer for
redistributing at least some of the area, 1/Qs. .
Preferably.some of the pads arensed:to connest the semiconductor device to
other devices and-overlays.at-least a pottion of the logic-array or a portian of the area
20 -J/Os., ‘
Preferably; the semiconducter device;also includes a borderless memory array.
Preferably the logic array includes a module array. Preferably the logic:array includes
- interconnections within the logic array, wherein the logic array interconnections
~ include metal layers and via layers, and wherein at least one of the metal layers
25 comprises substantially repeating pattern.

And according to one embodiment of the invention, the logic array
interconnection includes at least two of metal layers each with substantially repeating
patterns. And according tq another embodiment of the inventioh, the logic array
interconnection includes at least three metal layers with substantially repeating

30 patterns for portions used for the interconnections. Preferably the area I/Os are
positioned in a non-surrounding fashion with respect to the logic array. Preferably,
5



include. netal layers and via |ayers, and wherein at |east one of the netal
| ayers 25 conprises substantially repeating pattern. And according to one
enbodi ment of the invention, the logic array interconnection includes at

| east t wVQROOABEIN3 | ayers each with substantially repeafCRES2HBBRs. And
according tQ anot her. enbodi nrent of the invention, the logic array

i nterconnection includes at |east three netal |ayers with substantially
repeating 30 patterns for portions used for the interconnections. Preferably
the area 110s are positioned in a non-surrounding fashion with respect to
the logic a . P - eﬁﬁ{]/ he | ogic
array inclu ee?X%"ra‘:é’g Q{c?i#gey%e u?@éﬁ@'&éﬂhqg‘r}%t eeé%ﬁégﬁig/%gsgsrzgo%égsi tioned
in a non- suiid uewsuiepundmgifashion with respepe ot atleastidnel of disd repenting mddate. r epeat i ng

nodul e. Preferably at |east one of the arega is a configyrable VO and
wher ei n sucﬁfeféféblb’iaﬁlﬁaﬁlﬂné°iﬂ83€w* @@oatgwé@é@%ﬁ@wrap s&é&/er that is

the sane for J I i i ag‘éﬁé y N accordance
with a pref g?@e&é“ay#gggc%emﬁk%% t?%agpéﬁgrﬁée{ﬂ? %%eﬁtth%éﬁsﬁfﬁo o? g?g/t()jri cating a
sem cohduct @onfifrivatiohs. conpri sing the steps of: providing a sem conduct or
substrate; formnpng a . bgrderless.logic arra includjn . plurality of area
UCs, on the sen cOEGIEHHEP B accordanee Wﬁ@i@%@ﬂ‘?&ﬁ&fa@n 10 | ayer
for redistri i: %iar?ft 559 in : i ncl udi ng
the step of 'a#éé{rlgr#rﬁgﬁ%g S tfg conngéférpﬁgﬁduggﬁi%‘%%ucg{"gfrﬁégﬁ%sgﬂts%ﬁot her
devi ces, angrovidinga sermicohdietr sabstratef farimingrmblrderless logjcsarray] inklmdizig aa porti on
of the logic_ array or i ortion of the area |/G0s. Preferably also including
the steps ofPluralityof arsa Licls, ontheisrmcqndyctarispbstrate; and forming alrgd%wgup%i c array;
and g ki g 1ggRF i6? Rt BRin M Soall solae 86 @0 WioRD OF the | ogi ¢ array

accordi ng tcl) the step of acing and routing. Preferably the step of marking
conpri ses phot ol Préfergblypitsp, incinding ithestépraf] forming pads totcopnest thei ci ng t he

' duct bst r at ' to th ks. .Pref |y t.h f
i ci g i nol GEREOPRELE GHEF FOPBSLHsEs an SRBICe iRl hepadt CYRRce wi ¢
anot her pr efagreggg@Wﬂ@bg@fm@maw}?w%m@Iy@g_hod of fabricating an

integrated circuit, conprising the step of: i ] ]
Preferably also including the steps of: placing and routing a specific design on

15 the logic array; and marking marks for an edge of a used portion of the logic array
according to the step of placing and routing.

Preferably the step of marking comprises photolithography, and also including

- a step of dicing the semiconductor substrate according to the marks.

Preferably the step of dicing includes laser dicing.

20 There is thus provided in accordance with another preferred embodiment of
the invention, a method of fabricating an integrated circuit, comprising the step of:
Providing a semiconductor substrate, forming a borderless logic array including a
memory array, a plurality of area I/Os and also including the step of forming
redistribution layer for redistribution at least some of the area I/Os for the purpose of

25 the device packaging.

Preferably also including the steps of: placing and routing a specific design on
the logic array and the memory array; and marking marks for an edge of a used
portion of the logic array and the memory array according to the step of placing and
routing.

30 Preferably the step of marking, includes photolithography, and also including
a step of dicing the semiconductor substrate according to the marks.

6



Provi ding a sem conductor substrate, formng a borderless |logic array
including a nmenory array, a plurality of area 1/0Cs and al so i ncluding the
step of fw(;qdagmﬂ@@;h stribution layer for redistributionpgt/sgmsiozsege of
the area UGCs for the purpose of 25 the device packaging. Preferably also
including the steps of: placing and routing a specific design on the logic
array and the nenory array, and marking marks for an edge of a used portion
of the logic array and the nenory array according to the step of placing and
routing. 30 Preferably the step of narkin ncl udes photolithography, and
al so i ncl udi ng mfawlpmeﬁmﬁ@mmgwsgemd@m Adtgmstively DiratdViteng t o
the marks. 6 WO 20%%61%82 PC%USZI?J??’/ 039878 Preferably the step of dicing
i ncl udes | aseBeam ¢9 PIAE ¥ect-Wite eBeam could be used for
such marking Steméb%wﬁus% oV1aLE inPAcoMidaRe with AEfRF Proféfedwnibodinéit e
preferred enbodi nent of e invention, a nethod of fabricating an

i ntegrated cthednnention,armpethed qufabm@tlsg elpmergratsd W@U‘i’ mm@‘l%n&@mﬂ?@rﬁuct or

substrgte, formmng a barder|ess | udi;n Lity of area
' Cn d al sHOMR AreRgeoNeSt SipstierpRinRs toRfrERIPdn aRah e #

redi stributi ﬂ ﬂ&ybﬁ&s,& I/@@HEd 8l5o indfudaigabe étéﬁffoaﬁmrghedlaﬁbmﬁﬂayér fohe device
packagi ng d wherein the logic array includes a nodule array. Preferably

such I ogic arqdwynhlmpratbessamc of thetaraad/Qsoforthe pripospef the deviprpackaging 10 of
form ng a bor

ess |c array .c S step of positioning said area
|/ Cs V\nthlnalf‘ﬁ@?S'P % é%{ucgegglnéoé@f a(f‘tr]flg of the area 1/0 is

configurable I/O prferbhl9 sushdbgic Gtraf boprided a egpEptingscdte, ahd whegin thegtepnet al
| ayer that is the sane tor all 1/0 configuration, AIternatlveI met hod

of fadli cati n@foanmgrﬂlygdgleéﬁlomwwmmnw theosign ofositioning said apm 1?/% above
met hods of fgn %n“tﬁ{; Lo afd $REle Iﬁf g{&{e Sy 136% @An?ﬁ%gfaﬁ?ﬁbﬁh&ﬂl the steps

of placing a I'ng a spec esign ca Steps of plating
and routing gorftpufdbic BO&o@n@esdeEagmneaietadhyBrthansmséxdedgnanmr ay, and
wherein the |aocation on the wafer in which design-A". is placed

i 34ndependenfodBERION. ocation on the wafer in which design-B .is placed,,
Alternatively a method of fabricating an integrated circuit wafer comprises

15 one of the above methods of fabricating a semiconductor device'and also comprising
the steps of: placing and routing a specific design called A’ and the steps of: pla¢ing
and routing a second specific design called B’ on said logic array; and wherein the
location on the wafer in which design A’ is.placed is:independent of the location on
the wafer in which design-B* is placed. .

20 In another embodiment of this invention the semiconductor wafer comprises a

- borderless logic array; wherein the borderless logic array comptises repeating module
containing logic cells-and VO cells; and a redistribution layer for redistributing at
least some of the I/Os cells.connection to pads used in packaging.

Preferably the I/O. cells are arrange in spaced parallel lines. Preferably, spaced

25 parallel lines are spaced at least 0.2 mm apart but less than 3 mm: -

In another embodiment of this invention the repeating module comprises at
least three metal layers. And in another alternative at least one of the metal layers

- comprises repeating pattern. And yet, in another alternative at least two of the metal

layers comprise a repeating pattern.



20 In anot her enbodi nent of this invention the sem conductor wafer conprises
a borderless logic array; wherein the borderless logic array conprises
repeat i ng wigshshBerogPnt @i ning logic cells and 1/0 cells; pagn2608bsehgi bution
| ayerfor redistributing at |east sone of the I/0s cells. connection to pads
used in packaging. Preferably the 1/0 cells are arrange in spaced parall el
lines. Preferably, spaced 25 parallel lines are spaced at least 0.2 mm
apart but less than 3 nun, In another enbodi ment of this invention the
repeating nodul e conprises at |east three netal |ayers.. And in another
alternative at | elnsnotherentfodithentof the preseptinyentivorthe semicondupton wiafay alsat t er n.

And yet, in another alternpatjve at | eash two of .the netal.. layers conprise a
repeati ng pa?Q"éRW?“fﬁb% 3;06‘6%6@ %%Wéé@g’f@wmﬁgr@%’i@o%modi nent
of the preseflvaf¢ention the sem conductor wafer also conprises additional

custom |l ayers which are arranged to formspecific die size on the wafer. In

anot her enbodi nenin anpiberenbadiment|the additional enstons layers arg arrangedita format m at 5
| east two di H’eirent 'fgei etaliﬁzes on theﬁfer. I n anot her enbodi nent of the
present inve ?(W{oa’ Loht 215 5I5% OB FheEfer conprises repeating 1/0 cells,
wherei n the repeafy 6théf Embcditdnt ©T M brbRnEMSERiSh A8 mi@ndiéthf @videt function

by using only customvia Ieﬁ_gers. Additionally the device also conprises
repeat i ng | ogimprises tepeatingdiQxcells; wheremghelrepeatmg did cellstrouls bt anstomizedisy  usi ng

only customyi.a | ayers. .There ig thus ptagvided in accordance wi th another
preferred ené’t@fe_ﬁgﬁ'f’c%‘?nb%'ﬁéns?{é%ﬁﬁ%%%laga}‘reﬁ‘hod of fabricating an
integrated circui Addifienalyithe derideli@sosdonipised repeaing Yogié bullsawher@inaheduct or

substrate, formng a borderless logic array including a plurality of area
1/ Os 'dRd al sevi¢ecdouldi hepustaaizeddy usmgfonbheustpm wailayers. but i on | ayer for 15

redi stribution at . |/.65, f r . e device
packagi ng, and m%%eﬁgﬁtr&%g%q %@F&g%ei@ﬁ%ﬁoﬁ%hﬂﬁgﬁeﬁ?ﬂmtﬁ | ayers
and vi a | ayef inveatlon, whisstkodofdhbricatifg awfigegpited biecuits tGthprisiy@the sepapf.i ses at

| east one substantially repeating pattern for_a paortion used for
i nt er connect ProYdingasenticoandustagsubsirys,douning aibewderlessrlogip amay inciidinga  at | east

two .of the gRldhy of area VOs and also including the step of forming redistribution layer for
15 redistribution at least some of the area I/Os for the purpose of the device packaging,

and wherein the logic array is interconnected by metal layers and via layers, and
wherein at least one of the metal layers comprises at least one substantially repeating
-pattern for a portion used for interconnecting. -
And according to one embodiment of the.invention, at least two-of the metal
20 layers include substantially repeating patterns for portions used for interconnecting,
And according to another embodiment of the inverntion, at least three of the
metal layers comprise substantially repeating patterns for portions used for the
interconnection.
There is thus provided in accordance with a preferred embodiment of the
25 invention, a method of fabricating a semiconductor device, comprising the steps of:
providing a semiconductor substrate; forming a borderless logic array, including a
plurality of area I/Os, on the semiconductor substrate; and forming a redistribution
layer for redistributing at least some of the area I/Os. And also includes the step of
utilizing a direct write technique to customize the logic array.
30 Preferably the step of marking utilizes a direct write technique.



20 layers include substantially repeating patterns for portions used for

i nterconnecting. And according to another enbodi nent of the invention, at
| east three of the nmetal |ayers conprise substantially repeating patterns
for porti OHE2W4@81%Br the interconnection. There is thugcﬁf‘bq@?‘g@ésmﬁ
accordance wth a preferred enbodi nent of the 25 invention, a nethod of
fabricating a sem conductor device, conprising the steps of: providing a
sem conductor substrate; form ng a borderless logic array, including a
plurality of area 1/0s, on the sem conductor substrate; and formng a
redistribution '?Hﬁéthﬁﬁsﬁx% 384 [ RubrdRtkbe with 4 PRI Jimédi of €2 1/ Cs.
And al so includes the step o utilizing a direct wite technique to

cust omi ze t hmventipinga arethigd. of brieatiniga semigonduetos device; Lomprising theistéps ofes a

direct wite technique.. 8 W 2004/ 061903 PCT/ 003/ 039878, There is thus
provi ded in B’@_&’ﬁ‘bﬁ_a‘hi"é‘“ﬁ?’{q‘l‘_"%’r ify Wﬁﬁ%‘#ﬁ%ﬁs I_Bgl_ct%'@yi W@@H’Pﬁén, a
met hod of fa@gﬁﬁ?@% b e /OB BrCRE Sk SHdueRY b%tat@oiﬂarfoﬁ%n%gsa%&sﬁbﬁﬂén of :

provi ding a nduct or substrate; form ng a border | ogi c array,
i ncl udiSng a layenfontedisgrimitingrabkeast sGme obthetatea EOs;i amhwhereiwthe st of at e; and

formng a redistribution 5 |ayer for redistribufing.at |east me of the
area | 1o, alRIHHRA BeerE lasi ARy compeR it eP Bpatticringhe aige YUHin
conpri ses t hgoRbeRuRfinBFadhidrORit bshdtetorhe B in a non-surrounding
fashion with respect t0 the logic array. There I's thus provided in

accordance wi th aifisereés thps prowided th ancordainaeswith afother peefemedseribadiment ofret hod of
fabricating sem conduct or ,devi ce,. conpri Si t steps 10 of providing a
sem conduct oﬁ‘eéﬁ i3 ?%taépetﬁgq ﬂfﬁb”%ﬁ?%%ﬁ‘g&F%gﬁgcﬁfr WPSPﬁglile(;%FR?g a
pluraljgy of ofipRividihgs seritohdiRtcr 8ibskafedfoeintip Sbtdérieds Rogicdithy! RERARG 2

redistribution layer for redistributing it |east some of the ar eagll Gs, and
wher ei n t he plplity af ares/ I/Os,an thel semigondupton subshatepand formingwiredistrihutione st ep of

form ng a bo . i i D t S of .pgsi,ti.oning the area
170 n a nofSELfoF BisRiigdt e solP bt e Gka, 10y SeBSuRreif AR BGPARE o1 he
repeating cofmeludey¥ £fepeatiigicons, ahdahereirthe stbp bffonaia Bor@eriess Reitfdrayr able 1/ 0
Preferably al sp i n@leudi Q)% t he st e@é. of - perform ng phot ol ithography, wherein
a reticle iglcﬁidéf ften o Pestipnpg Yejrea paonsygeunding fashigy wilher ei n t he
used pgy ti ONpespect to at least orie of the repeating core.

Preferably at least one of the area I/O is configurable {/O.

Preferably also including the step of: performing phetolithography, wherein a

reticle is projected over the semiconductor substrate,"and wherein the used portion
comprises elements from two projections.

20 - There is thus provided in: aceordance with a.preférred embodiment of the

. invention, a method of fabricating an integrated circuit wafer; comprising the steps of:
providing a semiconductor substrate; forming a borderless logic array, including a
plurality of area I/Os, on the semiconductor substrate; and forming a redistribution
layer for redistributing at least some of the area . I/Os.

25 Preferably also comprising the step of: forming pads to connect the
semiconductor device to other devices, wherein at least one:of the pads overlays at
least a portion of the logic. array or a portion of the area I/Os.

Preferably also including the steps of: placing and routing a specific design on
the logic array; and marking marks for an edge of a used portion of the logic array

30 according to the step of placing and routing.



conprises elenments fromtwo projections.. 20 .. There is. thus provided in,
accordance wi th- aprefaredenbodi nent of the invention, a nethod of
fabricati i rated circuit wafer; conprising the ;

provi di ng%g@%@%ﬁ%uct or substrate; form ng a borderl esgéﬁg}g%@glgﬁsx,
including a plurality of area 1/Gs, on the sem conductor substrate; and
formng a redistribution l|ayer for redistributing at |east sone of the area
YCs. 25 Preferably al so conprising the step of: form ng pads to connect the
sem conductor device to other devices, wherein at |east onel of the pads
overl ays at | easPreferghly theastepaif nmauking ogmprises phgtobithography, and alsoincludesar ea
1/GCs. Preferably also including the %te s of..placin nd.routing a specific
desi gn on t hétep ghlisingthe,semiconyuctor oS ﬁﬁ’r%gdﬂ?%&’thﬁﬂ’é’gﬁe of a used portion
of the logic arra j i and routing. 9 WO
2004/ 061903 PCT/ L&%g@%%&g@é@%@%ﬁﬁsﬁ g‘t]g%qg%g]r%gr ki ng conpri ses

phot ol i t hogr aphy, There isthssprovidedithess cordamxeayithod préferied gmbhdimenhofthaduct or
substrate according to the rks. Preferably . the step of didtﬂ% inclédes a
step of IaselﬂVE‘t%ﬂﬂﬂ@Fneﬂﬁ’Br‘)é? CRtnEan Ateet IRCHIL JYale QPRSI tHe StEPS 01t er 1 ed

embodi ment O?IO%$%L&M€6H&U%¥ s&sﬁﬁt&f‘%ﬂnﬂk af%m&lgé’stlb%lg aftBy,lifdli@ihghed Circuit

waf er, conprtsing e steps o providing a sem condUctor” substrate; formng
a bor der | essmenpryareay; aplurality bfiatea ffOa, omthesemicendugtor substrater ad foyminfg aar ea

|/ Cs, on the sem_condyctor supstrate; and form a di stribution |ayer
for redistri F@fﬁ“?@“&?q?ygﬁg‘l”%‘g_ﬁ’é‘g&ngt%ge : ggnegél?e *ﬁ“aepéfabl y also conprising
the steps of: pl aﬂe@&aﬁ?%lsb%ﬁ:bﬁﬂnét}fé@?eﬁb bf: ‘i:lééﬁfg'dﬁﬁ ron%ﬂg%”ép&é(}ﬁc ues array

and the nenory array, ahd marking marks for "an edge of a use portion of
the | d§i c ar omthedogic tatray amshthe ynemory grray; end miarking mark forsmeedge of pusedi ng and

Compr i 91 ng aPErep obbeoes g fd SEmELB Do SGhely Bellenal PhemR e, e

marks. 15 Prgfiggably the step of dicing includes laser dicing. Preferably
the logic array rncludes a nodule array. Preferably the logic array is
i nt er connect ed byPrefsrably theystepsof aparkipg somprjses photglithography, and also

comprising a step of dicing the semiconductor substrate according to the marks.

15 Preferably the step of dicing includes laser dicing.
Preferably the logic array includes a module array.
Preferably the logic array is interconnected by metal layers and via layers, and
.wherein at least one of the metal layers includes at least one substantially repeating
pattern for a portion used for interconnecting.
20 Alternatively at least two of the metal layers include substantially repeating
patterns for portions used for the interconnecting.

Preferably the step of placing and routing is done for a specific design called
A’ and also for another specific design called B’, and wherein the location on the
wafer in which design A’ is placed is independent of the location on the wafer in

25 which design B’ is placed.

Alternatively the step of placing and routing is done for a specific design
called A’ and also for another specific design called B’, and wherein a number of
times that design A’ is placed on the wafer is independent of a number of times that
design B’ is placed on the wafer.

30 Preferably the step of marking includes the step of utilizing a direct write
technique.
10



wherein at | east one of the netal. |ayers includes at |east one
substantially repeating pattern for a portion used for interconnecting. 20
Al ternatiyg Mofdsrs8ast two of the netal layers include spiBfigiahi/edosis
repeating patterns for portions used for the interconnecting. Preferably
the step of placing and routing is done for a specific design called A and
al so for another specific design called B, and wherein the |ocation on the
wafer in which design A' is placed is independent of the |location on the
wafer in 25 which design B' is placed. Alternatively the step of placing and
routing i s done fRreferablypteistepofpacingand seutingds donefptia spesificidesign calidder

speci fic design |1 ed B, and. rein pber of .ti t hat desi.gn A" is
pl aced on th‘égwgfc%‘o ﬁ)ga?%ggﬁgﬁﬂﬁﬂﬁes&n%ﬂﬁ{]#beapd&&e{emglﬁ%?reaﬁ%&o nB is
pl aced on t hgowahay to Rlémoheiriyainldésiph A’ 5 iBstaitiallflabaidthhn's kliggParedie St ep of
utilizing a direct"wite ‘technique. 10 WD 20041061903 PCT/ US2003/ 039878

Pref erabl y t tatio of lngicdrraylta lempry antay imdesign B’'s done for a specific design
called A and al or, .apot her eci fi.c.desi.gn, call B, and wherein a
silicon area rat ?%e%ablYgﬁiS@pmﬁpg%%'ﬁ @%a?FePéﬁf uﬁﬁz‘%gi“@ﬁgﬁn s

subst anti al | ychim@er than a silicon area ratio of logic array to menory

array in design B'. 5 Preferably the step of marking includes the step of
utilizing a di recI’reﬁarahl}ealsomhuﬁng@.e step of prohingytheawaist,i wherein thegstapraf st ep of

probi ng the wafer, wherein the st robi ng,uthlii zespt he sane waf er
probe to tesP™ mgu Z%tﬁ%lﬁﬁfed\ggﬁ%ﬁﬁl%ﬁg_tmﬁﬁéﬁﬂ%% éﬁgfi%sbg%_%rrpri sing the step
of probing the waprferablalse comphising ihetepfof pidbiriy thb war iwhdreiadte dtéfofs ame
waf er probe to test design A and design B'. Preferably al so conprising the

step of0 pr obpreyingiwiligesithe samewater propp to testalgsign A’ grddesign Bl.i | i zes the sane

waf er probe to te i ' i ' Y, 0, ises the

step of wutilizi ngﬁlgfegi?oﬁggl?o%ﬁgﬂ?ggﬁrﬁﬁgpﬁ?ﬁ{t&g%z\gﬂ%gﬁ tﬁeosg%(’:&zr ray. .

15 Pref er abl problig utitizésdhe simewafet probe to st design A’ ahd destgriBl.t aneousl y.
Preferably also comprises-the step of utilizing a direct write technique to

customize the logic array.
15 Preferably the design A’ and design B’ are probed simultaneously.

Preferably design A’ and design B’ are probed simultaneously.

There is thus provided in accordance with additional preferred embodiment of
the invention, a method of fabricating an integrated circuit wafer with improved yield,
comprising the steps of: providing a semiconductor substrate; forming a borderless

20 logic array, including a plurality of area I/Os, on the semiconductor substrate; and
forming a redistribution layer for redistributing at least some of the area 1/Os, and
further comprising the steps of: testing and marking modules on the logic array;
placing specific designs on the logic array so as to avoid faulty modules; and
customé#ze the logic array according to placement of specific designs; testing and

25 marking the specific designs; and dicing the logic array according to placement and
marking of specific designs.

Preferably utilizing a direct write technique to customize the logic array.

Preferably having one or.more pads dedicated to testing.

Preferably also including the step of using a probe card to independently test

30 one or more modules simultaneously.

11



Preferably design A' and design B are probed sinultaneously. There is thus
provi ded in accordance with additional preferred enbodi nent of the

i nventi OnwoaonE&}]QJQ of fabricating an integrated circui tP@%@%ﬂOWﬂiﬁ?é npr oved
yield, conprising the steps of: providing a sem conductor substrate;
formng a borderless 20 logic array, including a plurality of ares..1/GCs, on
the sem conductor substrate; and formng a redistribution |ayer for
redistributing at |east sone of the area 1/0s, and fu ther conprising the
steps of:- testing and marking nodul es on the logic array, placing specific
desi gns on the | @yeferably ene ¥ maxe of the pads dedicatedity testing hresiot hedread(3t om ze t he

| ogi c array accordin 0, pl acenent of specific designs; testing and 25
mar ki ng t he fgb@ﬁi@?“ég‘ﬂé@%ﬁs; and dicing the logic array according to

bl acenent and _masfefiinpit 188G diteIReA DOF copiicadBhileuhble 0. N0 a dir ect

wite technique to custiomize the logic array.” Preferably having one or, nore
pads dedi cat ed t Prefesdbiyithe cefigueabddl/Q calpoisésrohitiglerngpies of mpup ovtputysi ng a
probe card to independently.test, 30 ong ot nore nodul.es simultaneously. 11
WO 2002/ 96194 PR VIpRE ARS8 A4 gtbersin %"é?‘@%caﬂ‘ii‘gf“efrfng%ﬁf}lﬂé°%‘flplﬁ?é pads

dedi cat ed t QghfshioRObativEerd RedstGnedIree i 6f, atd\SroRGsit bR @ BtednS
Preferably at0 east one of teﬁe area I/Cgl%%l?rt%rl geds‘ﬁrg cgﬁifti gurable I/0O

Pref erabl y tI@ pedstbicgustadot an &e0l/Oonpri ses nul ti pl e copi es of input, output,
5 and pre-output cells, i ) vice further
conprises connections bef‘%ﬁ@@w@%@@?%ﬁ@ﬁmg&w out put, and
pre-output cells rédeRfinvéntion RAH be ud&r&66d snddppaétiatémore/ fillly Bbintie

DESCRI PTI ON OF THE DRAW NGS The present invention wll be understood and
appr edlat ed following detajled deseriptien, taken im¢dnjmiction wathdhe drawings in whichon, taken in
conjunction wth t.he dray ngs.hn. which: Fig. | .i drawi ng.il.lustration of
a wafer, marked lg*ﬁl P&&%ﬂl@ﬁ&hlg]&\é@%% ya@mkeéﬁ@rgﬁ%%g&;% O™ | ustration
of a repeating cqyig,;zﬁiagjraﬂiﬁgﬁmls&aﬂd@aﬁdwpéalﬁhgabfegti on of a vertical cut.

Fig. 3Ais a drawing illustration of a area pads;
Fig. 2A is a drawing illustration of a vertical cut.

Fig. 3A is a drawing illustration of a area pads;
15 Fig. 3B is a pictorial illustration of a area pads — soldering balls;
Fig. 4 is a detail drawing illustration of the area pads;
Fig. 5 is a drawing illustration of a wafer level borderless logic array;
Fig. 6 is a drawing illustration of a wafer shared between two applications
utilizing reticle sharing;
20 Fig. 7 is a drawing illustration of a wafer shared between two applications;
Fig. 8 is a drawing illustration of a wafer shared between three applications;
Fig. 9A is a drawing illustration of a reticle fabric;
Fig. 9B is a drawing illustration of a reticle fabric;
Fig. 9C is a drawing illustration of a reticle fabric;
25 - Fig. 10A is a drawing illustration of a reticle fabric;
Fig. 10B is a drawing illustration of a reticle fabric;
Fig. 11 is a drawing illustration of a reticle fabric;
Fig. 12 is a drawing illustration of a wafer marked with reticle projections;
Fig. 13 is a drawing illustration of a module;
30 Fig. 14 is a drawing illustration of a wafer comprise wafer level borderless
logic array covered with Area Pads;
12



15 Fig. 3Bis a pictorial illustration of a area pads - soldering balls;

Fig. 4 is a detail drawing illustration of the area pads; Fig. 5is a

drawi ng iywbouwsbfdisedn of a wafer |evel borderless |ogic aOmEYS2003/@898B8 is a
drawing illustration of a wafer shared between two applications utilizing
reticle sharing; 20 Fig. 7 is a drawing illustration of a wafer shared
between two applications; Fig. 8 is a drawing illustration of a wafer
shared between three applications; Fig. 9Ais a drawing illustration of a
reticle fabric; Fig. 9Bis a drawing il]| ustrati.o% of areticle fabric; Fig.
9C is a drawi ng iHiguhtis adrasying Hlustration; of jvaa qug ble rogting Sfrugurgin, | s g drawi ng
illustration of L etd ¢l Moozt Q. ol - S ing illustration of a
reticle fabric; %ﬁg'gfdlgf%fagﬁgég@éﬁ%%qua%roy?aggéw areticle fabric; Fig.
12 is a drawi ng ipigustis aidrawingillustravnest vieusothizdblel/Ocustomizedras jigit;i ons;

Fig. 13 is a drawing illustration of a mpdule; 30 Fig. 14 is a draw ng

il lustration of aFigakiis 2admying Jlstrationyof|via st &V&s" omizedas ouipHl cover ed
wi th Area Pads; A . : PR .15 is a draw ng

' ust Pati on of ik SussiebbRY iRl bt il b S, 2 2 g
illustration of VFig 20ustadayonbdrawinklilustfatign ofla small sectdomof vig custbmidablet i on of
via custom zable 110 custom zed as input; Fig. 18 is a drawing illustration
of via custoHPzable 1/0 custoni zed as out put; 5 Fig. 19 is a |layout draw ng

11 ustration of o B A Qg Rasritdn 7oy 160 ekl @l £ 2 16
drawi ng il | ustr atFigredis adeawing dhgtraticnodfs coufigurable buffer stfictyre;22 i s a draw ng
11 UStPat i on of aFiey Bk PR kRSt e hEle SRR 208 i ng 111 st ati on
of "scrambl e bOX"gfkgawwa:drmﬁg ilftisftatfon dfS‘sétafibR'HoR91dybht&hd at i on of "scranbl e
box: layout for 24°17Tnes.
Fig.25 is a drawing illustration of “scramble box: layout for 24 lines.
Fig. 26 is a drawing illustration of pair of customizable I/O;
Fig. 27 is a drawing illustration of pair of customizable I/O customized as two
15 outputs;
Fig. 28 is a drawing illustration of pair of customizable I/O customized as
inputs;
Fig. 29 is a drawing illustration of pair of customizable I/O customized as
differential inputs;
20 Fig. 30 is a drawing illustration of pair of customizable I/O customized as
differential outputs
Fig. 31 is a drawing illustration of pair of customizable I/O customized as
differential output.
Fig. 32 is a drawing illustration of pair of customizable I/O floor plan;
25 Fig. 33 is a drawing illustration of a wafer which comprise continuous array
structure by tiling a module;
Fig. 34 is a drawing illustration of a wafer with top metal defining a die size
of 3x3 modules;
Fig. 35 is a drawing illustration of a wafer with top metal defining a die size
30 of 2x2 modules;
Fig. 36 is a drawing illustration of a repeating module;
13



Fig. 26 is a drawing illustration of pair of custom zable 110; Fig. 27 is a

drawing illustration of pair of custom zable I/O custom zed as two 15
out puts; woRbglietsdsi S @ drawing illustration of pair of ptfySHozes 1/ 0
custorrizeg inputs; Fig. 29 is a drawing. illustration of pair of

custom zabl e 1/0 custom zed as differential inputs; 20 Fig. 30 is a draw ng
illustration of pair of custom zable 1/0 custom zed as differential outputs
Fig. 31 is adrawing illustration of pair of custom zable 110 custom zed as
differential output. Fig. 32 is a drawing illustration of pair of

cust oni zabl e 1/ 0 Fig.3dis pd@nﬂngzéluﬂire}lonséaur@eau@gmdwg; illustration of a

waf er whi ch conp tiling a nodule; Fig. 34
is adrawing ill lfég ?g 5(; W%%%%fﬁtﬁ%éﬁéépgweﬁefi ning a die size of
3x3 nodul es; Fi 9F1g?>59li§aa1r gnlmdaﬁbwatar?emaﬁcﬁtmf er wth top netal
deflnlngadle size 30 of |

rmdules 36 is a drawng illustration of
a repeating nodul eDETﬂWWEH@U m 37 is a

| TustPati on of dtbepseaiERERl KQM%%‘*%@ Bl SRR 1 on ot
predri ver Cidpﬁtbbﬁtad%fﬂhd-ﬁ@r%ﬁ%ﬂﬂﬂuﬁj&t?ﬁ&m& ENRODIDENESIE The

present invention is now described with reference to Figs 1-39, it being
appr eci at ed t hat Thesumrprjunethod ¢ﬁa9§xlmﬂectetr@b@@a5§ow@nmps@phmﬁp€qs scal e or

to measure.

| i t hogr aphy egflggy?oiﬁggélﬁﬁﬁ&{lgﬂmgﬁg%?nﬁﬁg%%n%h})&?ﬁ?&ig@%sgI?‘r} ni g]ﬁe of
subm cron pradeégseat. SI‘helﬁybﬁphtﬁehﬁmllWﬁammamsﬁhkobd}&rreﬁdétmhr&ﬁcld be
drawn into mask aI so called retic tjﬁ’g’ Such reticl y he projected over

an ar 8@ of aBabe praieated overam a5sa 9fiaboyt 200y X 29mm Sﬁ 846 pgraphy tool called
Stepper. Then the Stepper steps the wafer so the reticle would be projecting the same

pattern on area next to it and so on, and so forth. Fig. 1 illustrates a wafer 8 with
marks 12 of reticle projections 10. With an 8- inch wafer, over 50 copies of the reticle
will be typically stepped on one such wafer.

15 : The current invention suggests the use of a much less common lithography
technique called direct-write using e-Beam. Such could be done, for example, with
direct-write e-Beam — Leica ZBA32 offered by Leica Microsystems Lithography
GmbH Jena, Germany or F5112 offered by Advantest, Japan. Direct-write e-Beam
allows direct writing any pattern at any location over the wafer, without the use of a

20 physical mask. Direct-write e-beam is not used in commercial fabrication of
semiconductor devices due the low throughput and the implication of such on a single
wafer cost. The current invention suggests the combination of reticle technique for
the generic portion of logic array and the use of direct-write e-Beam for the custom

. layers. A very good fit with this method is the logic array invented by eASIC, as only

25 it provides a logic array that could be customized with single via layer. Via layer can
be written much faster than metal layer with direct-write e-Beam and would make
such combination method commercially viable.

Such direct-write e-Beam fabrication method are highly attractive for custom
designs as previously described. Since single wafer may have room for hundreds of

30 devices, the current invention seeks to allow multiple designs to be placed on one
wafer and further, to allow each of these designs to be of different size and, even

14



St epper. Then the Stepper steps the wafer so the reticle would be projecting
the sanme pattern on area next to it and so on, and so forth. Fig. 1

illustrat 8 with marks 12 of reticle projecti " an 8-
i nch waf eﬁ,ﬁo g\?gﬁ‘!lg{)’ copies of the reticle wll be typi cgfa?@‘/%g"["é’g%%@ on one

such wafer. 15 The current invention suggests the use of a nuch | ess conmon
lithography technique called direct-wite using a-Beam Such could be done,
for exanple, with direct-wite a-Beam - Leige ZBA32 offered by Leica

M crosystens Lithography GtH Jena, Germany or F5112 offered by

Advant est, , Jgp@Er, tdAlIVEphaving defaelemantititt bPsich diesighd o iihglo vaddiytopat t ern at
any | ocation over the wafer, without. the use of a 20 physical mask.
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techni que for thewyfeirest-wteleBéun@is thefiost cofin®h tecthiqueeoteradiftt-WiteeCt -wri t e
a-Beam for the custom |layers. A very good fit with this method is the |ogic
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custom zed W th single.vi . - Viha layer can be witten nuch faster than
net al Iayer%?ﬂm&icﬁ'é@the\ﬂg?@%foéa%‘g "woul d make such conbi nati on net hod
conmer ci al |y vi abige cudktgibinvehtisii supbéststa mewbBaohitdcal?é bERgicaRrafEIHiOAewar € hi ghl'y

attractive for custom designs as previously described. Since single wafer
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of these desiEor iovides i toRUAKR oo dfeatfEr Mo ey g ifoosh S 5
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esigns on a_single wafer, to support op one er, t .abrication needs o
bot h™ pr ot ot ypel REIFPRABBE FoRe @cﬁ‘?ﬁlpnd%sq f§ho ?Epg-%pﬂné(ﬁ]%ﬁ!‘ﬁf’ﬂﬁwzﬂr‘é@chor ot her
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Si gma 7000 f oxide to\dllowothiem to opkrtelnt higheli Yaltage {qmrolsiatmmdnm;fece witkethe ur r ent
AU MR HE AT M IR TON TR IR
15 at low voltage to reduce power consumption and allow higher performance and
packing density. The area /O might comprise elements that are cormmon at boundary
/O such as ESD protection and latch-up protection. The atea I/O could be
configurable I/O that could be custorhized to the specific function by the custom
layers used to.custornize the logic. The area I/O could include fixed function like
20 input and output functions. The power supply to the core 28 and to the area 1/0 26
. could be supplied from the same group of area pads. Fig. 2A is an illustration of a
vertical slice 21 of typical eCell. Fig. 2A illustrates eight metal layers device. M1 25 '
is a short name for the first metal layer called Metal 1 and so forth up to the top metal
layer M8 29 which is the eights metal layer Metal 8. The eCell structure is such that
25 M1 to M3 are used for the construction of the eCell’s internal circuit while M4 to M7
are used to construct the interconnection fabric for the interconnection between
various eCells. As described before to customize the fabric of eCells 28 only single
via layer need to be custom made — via 6 23, the via-layer betweén M5 and M6 .
Fig. 3 is a drawing and pictorial illustration 6f the area pads. Fig. 3Ais a
30 vertical cut drawing showing one area pad and the associated bump 30, and the layers
underneath it including a thick layer 32 sometimes called redistribution layers and the
15 -



Therefore it provides a continuous fabric instead of the master slice
approach. Such 10 fabric could conprise of a repeating structure - repeating
core -as is illustrated in Fig. 2. The repeating core

28 ¢ rises_a set of
area 1/ 0 WO WAHIAB, | ogic array 24 which is construct e%c?’ﬁgﬁﬁﬂyp?@gf of

eCells 22. The area 1/0 may be constructed with thick oxide to allow them
to operate at higher voltage appropriate to interface with the el enent
outside the device, while the logic array m ght be using thin oxide to
operate 15 at |ow voltage to reduce power consunption and all ow hi gher

per f or mance ' ' -1 aeMveif2 35 £d MEhtg S R I3 eis@l enent s t hat
are conmmon a@%gaﬁgg%%ﬁggiggﬁdé?E%rqt ection and Iat%h-us protection.
The atea 1/ Opictriabofisectioncofitheytop sintfacelof @deviat acsording todhe current inveniion, o t he

specific flncijdn by the cystom  layers used to, topre the l.ogic. The
area 1/ O couVHh@g Qriay Pf areg PAsd qf?’?%s ?@’W&pﬁﬁﬁzﬁﬁ%ﬂ*unc;i ons. The
pover. suppl ¥, ihﬁsti-‘a%ﬁg?%giegbéazskn&sﬁﬁ 8 sikbPfof Suchdiipd, 06 makipRizb ed from

t he sone group of° area pads. Is an illustration of a wvertical slice
21 of ®ypi catheaGabkr offiads pétAréal itissconaherstoglapetthaatapadsay e regulararmgas M 25

is a short name for ¢ f] met al . |.ayer l.ed tal 1. and so forth up to
the top netafal heég?%? m@gégi uF%ﬂWﬁ usg {oshaﬁ%%\‘/‘i‘fp 'Pﬁ%ﬁyﬁe@ﬁ?“%. . Thep
eCel | StrUCt{-érd&u‘i%tﬁSH,CtB ailb@tare?a 'a{igeplal\/%%tlf’\%& igr A&k fbhearePpot ruct i on of

the eCell's internal circult I used to construct the
i nt erconnect placemiemttr i c for the interconnection between various eCells. As

descri bed before tpo custonize the brig of eCells 2 nl Lngle via |layer
need to be cust onmﬁd‘éve_pgﬂ’ﬁ axgges?f Fﬂsﬂ‘é@? PP r°°5ee‘P’€£§}P .ea?éc,l\%?a Fig. 3
is a dpaw ngyenghdired pdsaThd hinithinhaize O sith doRewéile Be Enfitsingie reapdd s a 30
vertical cut draw ng showi ng one area pad and the associ ated bunp 30, and

the layers likeidAnkoanest pases alargenisizg ceretwauddbe morerpragticalo e rore 28 o Figad
o 11109 AP0 il O MRS AR 2, | o,
a pictorial pRivideect 2 areaphdd 4id theogppsopriateatunitier of a6y I/Cawittc R OTilingGutle t he
30 Fi'g. 41 Sors tignemithl] etk ) A0V IR o o BleT e agHe AFBYOPANASE S Barpl
e 0, = e B St 08 s i e Pl 15
Consequent | yconceivable sl the horddnlasscfabric eouldvbs exterideq ap td wafeplevrel. In such
case it may require somewhat less dense lithography pitch for the routing structures,
to allow spanning across reticle boundaries. The wafer level borderless fabric
provides he highest level of flexibility and wafer utilization effectiveness. For the
20 ease of description, the following detailed description of the additional preferred
embodiments of this invention assumes wafer level borderless logic array. Fig. Sis a
drawing illustration of a wafer 50 comprising of wafer level borderless logic array of
continuous tiling of cores 52.
The redistribution layer may also be a custom layer. It could therefore be
25 custom designed to redistribute the area I/O to the edge pads in a specific design and
therefore allow such custom design to be packaged using conventional bonding rather
than Flip-chip. Fig. 3C illustrates the use of redistribution layer 32 to connect area I/O
36 to edge pads 34 so wire bonding could be used. The redistribution layer may also
redistribute the area I/O so area-array wire bonding could be used.
30 Fig. 6 is a drawing illustration of a wafer shared between two designs utilizing
reticle sharing. Fig. 6 illustrates the existing art of reticle sharing wherein one reticle
16



redi stribution, to allow area pads placenent to be i ndependent fromarea I/ O
pl acenent. This invention suggests a fabric of a repeating core which

i ncl ude | Qgi 10 VO and area pads. The nmininmum s ore
woul d be %@P’f/&é?@gl e area pads like 3A. In nost casesbéﬁpgirogglyfggzsge core
woul d be nore practical. The core 28 of Fig. 2 is about Immx 0.5 mMmin
0.13 mcron process. It would be quite possible to provide 4 x 2 area pads
and the appropriate nunber of area I/Owith it. Tiling such core to span a
full wafer will allow a fabric of borderless logic array of about 20 x 40 15
cores 28 in magirnchidelesign AP 612|vﬁud£ﬁlplaaed/ami‘romwomﬂwlpgic army land bcapisgh, it

woul d be conceivabl e th t th bor erl br.i ¢ uId be tepnded up to
waf er | evel . alaﬁg%mone% E“’rtlc g 664 3 é é’%‘%c?}gﬁ’ép a3 aphy
pitch for th Utd 1004

boundari es. eQVvd' ?eve lle‘gié s ‘?mg?%‘e% gﬁ“ﬁ hfzgiestpgfnevel of

flexibility Anddg/a@faﬁermuncedl bgcmarksrsmﬁeﬁétan&demgsB ¢dges miean@necbmsmaﬂds
description, the follow ng detail ed description of the additional preferred
embodi #ent s 6%, 66rand 67nventi on assunes wafer |evel borderless |ogic array.

Fig. 5isa dr awltri‘ﬁghi! ﬂe‘ﬁ ghbﬁﬁbﬁfmﬁa Igsée egges%',’r@g E‘%%m_}ﬁgiﬁri%ﬁfshfr evel

borderless logic arr nt1nuous ti cores i bution
| ayer may al smiﬁbﬁom!gmbmss tosgllomw: prbperdinﬂgjoﬁthemfenr&lchmaiﬁngmmtdbajesi gned
to redistribute the area 1/Oto dge pads i,n.a sp fIC desi gn and
therefore al PWQ’EFC?T%@PBW@EQ‘&H“{@‘ g@‘ﬂ%l@&ﬁ?ﬂ%@l% B POGESsE®al  bondi ng
rather thang akin ublay (e férf1Beit aRaP e thohdiidiven | aver
32 to connect reaﬁ gbﬁgo eége pads” 34 so vvlglre a%ndl ng coul d ble used.
The redi stri bretarmngddfpespecific amtay size; andivdterd thebeundary padsctogétbersuitiethea- ar r ay

wi re bondi ng could be sed. 30 dra il ration of a wafer
shared bet vveéPf‘cF\&?B 5‘ﬂ%esulpﬁlf‘?’£gﬁfa @FVV@F’@%\%{E& Q‘wﬁ(ﬁ?’faﬁe'i | | ustrates
the existing art ﬁfls&%&ﬂtﬁéte:oﬁmhbﬁasmgm il bk pfdpet for dictng/ ik #af4/ 061903
PCT/ US2003/ 039878 may i ncl ude des%’é A 62 which is EI aced and routed on

the logic ar 6ﬁfr0msm riodat of yiews [ ﬂ}ﬁ@ﬂ%@ @hsheuld bedeft for dicing atalgteriesi gn B
?ggte[]ﬁterl jm tS esl gﬁé}gte Wr @1&9% full yt Iu'melsl ;Mezjhl Beglhgnre;\! Clegi;ezoare
mar kedjy mar ks 63heoaréb irvettisterovidesXhe abitigstoaize each desipnliydepetidently
and to mix different designs on single wafer. Constraining dicing along straight
continuous lines places a strong limitation on the ability to share one wafer with
multiple-sized designs. It is therefore suggested to use laser dicing for wafers
fabricated according to the current invention: Laser dicing is being developed and
20 offered by few-companies such:as DFL7160 made by Disco Corporation Tokyo,
Japan, and Multidice made by NanoVia, LP of Londonderry, New Hampshire.
Thinning the back of the wafer may be required so laser dicing would allow for a full
cut rather than just scribing.
.In another embodiment of the current invention, a very flexible wafer sharing
25 is suggested. Such wafer sharing provides much higher flexibility than reticle sharing.
Fig. 7 is a drawing illustration of a wafer shared between two applications taking
advantage of the borderless array, together with the use of direct-write for wafer level
lithography. It is therefore possible to mix different designs at various quantities on
such wafer. Fig. 7 illustrates design 72 placed for prototype stage, while another
30 design 74 is placed many more times. Unlike the case with reticle sharing, the
locations and the number of times one design is placed on a wafer has little bearing
17



5 65, 66 and 67. It mght be highly desirable to have these edges 63, 65
marked by lithography and follow ng process to allow proper dicing of the
waf er. Sugl J§Bideioys Wwoul d be best done at the top or vepor/gs2es03987st he top
| ayer and prior to the bunp processing step. Such marking step is not
usually required for logic array where the master slice 10 are arranged for
specific array size, and where the boundary pads, together with the space
bet ween devi ces, make it very visible where dicing should take place. It is
clear that conventional saw dicing would be proper for dicing the wafer 60
from desi gn o the other design, @ impyrentiadeantaggef Bus yeutian 1 that thedogagipngnci ng at a

| ater stage,to separat he t.wo. d . i ' i nvention
provides t het_hﬁB‘f”‘feir w%%soﬁlggeﬁﬁ%ﬁ P&‘:@ﬁ'ﬁ%“ﬁﬁ@é&‘ggﬁg‘é$°|]‘§°J‘§§88%4ﬁ1 .er I fferent
desi gns on Syhigh @ s¥6nddesifHe (¥placet dthe thlinGhé Gbvibey linititionl thdtlit can ot beruous
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f fabrj.cat ed. ing.to th t k On)j
bei g devel olBe S ASBR s Ml Rbraerii B mubiE Rt hR et aBtehiED 1)
Di sco Cor porﬂhj_,éan Tokyo, Japan, and Multidi ce made by NanoVia, LP of

Londonderry, New Hanpshire. Thinning the back of the wafer may be required
so | aser dicing vkigl 8lisa drawingdHusiration pf a wafer B, shased batween these scri bing. | n

anot her enbodi n fnih L; ' ' sharing
25 is sugges?p@gi.%%ﬂgh])%%&e%{?% (L:;l@é?)g%eg‘ggfeﬁuﬁé% %gérﬂt B *Og?(ty@% féi('?l‘y t han
reticle sharDeggns $4i 4hd 86 liave tenslbflotatipnk bisiymied & them. Iifis eleavahatthesloadtivll bet ween
two applications taking advantage of the borderless array, together with
the ud® of damddbe nymberofsies fap desizn §6ax¢ mdFPQﬂS@r%ﬁﬁ‘}ﬁePf ﬂPSlg%s%-ﬁ’ér efore

possi bl e t o Mdfidl it WRhETbe A Sty oL BURe HIBIES b RS, Afbnd Hopotiel o1 Fi O

7 illustrates design pl aced ype~st age, e anot her 30 design
74 i s pl acededgeny theowafet $0osthe bihei ddge.tDiee limsscB8vdat dot fie sawe Hieinghbutirather t he

| ocations and the nurrbeé@ f 1jnes one degi%iiﬁlﬁged on a wafer has little
bearing 17 0 QLS SO DEBFAEIBTR 85595t f1E08t her -design. An _
i nportant advant agfnglogidirfays Akt Sffering 16418 Fabrid SvittPsdRitioal Rfctidnde Waf er in

whi ch one design is placed, “is i ndependent to the |ocation on the wafer in
15 blocks such as memory blocks, processors or special elements like PLL. Typically the

embedded memory takes the second largest portion of the master slice area after the
logic array. In general embedded memories are constructed as a small array of
configurable memeory blocks. The custom design may need certain amount of
memory or some number of PLL and so forth. It is an increasing challenge to select
20 the right master-slice combination, since designs with similar amounts of logic may
require very different amounts of memory.
In yét another embodiment of the current invention, the continuous logic array
fabric is comprised of a continuous logic array and continuous memory array of small
memory blocks. It therefore now possible that a specific design will be placed on a
25 section of such continuous fabric, sized to have exactly the desired amount of logic
and the desired amount of memory.
Fig. 9 is a drawing illustration of a reticle 90 fabric comprising of continuous
logic array 92 and memory array 94. Fig. 9A illustrates a custom design placed on
such terrain as marked by the rectangle 96 to have no memory. Fig. 9B illustrates a
30 custom design placed on such terrain as marked by the rectangle 97 to have some
memory. Fig. 9C illustrates a custom design placed on such terrain as marked by the
18



whi ch a second design is placed, other than the obvious limtation that it

‘can not be placed in location already taken by the first design. Mre

irrportantI“y, the nunber of 5 tinmes one design is placed is indeg,endent to
t he nunbeW®004/063893 t he other design is placed. Fig. 8 PCT/HSHOI A%
illustration of a wafer 80 shared between three applications. Design 82 has
three sites on the wafer, which represent prototype level. Designs 84 and
86 have tens of |ocations assigned to them It is clear that the |ocation 10
and the nunber of sites for design 86 are independent on those of design 82.
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9 is a draw happeh thas by tiloring thfe amonst dfdogic 8 fmetmoiyctodhemeed ©f agpexific ont i nuous
| ogic array 92.an nory.array 94. Fig. .9A illustrates a custom.design

bl aced on s e the i eXacifed cotinybimited. Hhe sl o8 §e mgBe Aitomr .
Fig. 9B il ugbiRiitRSt feasGhé hhSFof Gedithe RétRTSH s&ﬂy&l@hﬂﬁ%ﬁ&ﬂlﬁﬁ rked by

the rectangle 97 to have sone nenory. Fig. 9Cillustrates a custom design
pl aced on su¥elumepredustionisFequited thep custem masksgyuld be fabscgebsrEhms2003/ 039878

15 production would be done at maximum silicon utilization.

Fig. 11 is a drawing illustration of a reticle 110 of a logic array that in
addition to array of logic fabric comprises additional fiinctional logic elements like
processor blocks112,:113, 114; 115 and memory array 118. Fig: 12 is a drawing
illustration of a wafer 120 marked with reticle 110 projections. Fig. 12 illustrates the

20 use of the wafer terrain to carve out specific design 129 to include elements from four
different reticle projections 124 — four processors- with a portion of the memory array
128. By proper placing a specific design 129 on the wafer terrain, it is possible to
optimize the silicon area and yet provide a different mix of elements from one generic
fabric..

25 The construction of borderless logic array according to the current invention
should include consideration for wafer dicing. The common way is to draw a scribe
line indicating were the wafer should be scribed, to allow the dicing of the wafer into
many individual dies. Typically a laser scribe can cut a 50 microns wide width, but it
may be preferred to plan for scribing width between 75 to 100 microns wide.

30 Preferably the continuous array is constructed as array of modules. A preferred
module is rectangular with each side sized between 0.5 to 2 mm. A module could be
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rectangle 98 to have a small anount of logic and all the rest being nenory.
Fig. 10A is a drawing illustration of a reticle fabric 100 wherein the
menory terrain 104 is shaped in a staircase manner. Fi i rat es
that suchVQEMWPRILYL arrangenent provides a higher Ievepcgg(g??dé{‘(ﬂ!’%?%i ty with
regards to the anount of nenory blended 5 into the rectangul ar marki ngs of
the custom desi gn. The advantage of continuous terrain is the ability to use
one set of generic masks to cover many variations of product fabrics, with
the ability to tailor the right anount of logic with the right amount of
menory. The agdifbgiodk anslveithétiéry of cohibination thetesf, iwhictomayp irelugdalogtier r un t o
make a flexibl'e mXx of customproducts. It is usually, 10 highly desirable to
utilize thespacial fmotion ke PloL.ok preferable lgcatian fas seribs Lnes igthe P@gerﬁf;“@ ten

happen that b ' [ the unt of 1 odi ¢ . . d of a
specific dgg%}ﬁ?%%‘? rlﬁnitﬁrgpozgxﬁagchﬁg&m??ﬁ&&ﬁ%ﬁ%ﬁ@@ﬁr#ﬁ%ﬂ%&v eg of

devi ces on Qpenefwiied ifEHat sbribe link id 1888 Fortdicing) UTteeratioélytil coadd bedesipaed cl e i s
stepped. over the wafer. If high volunme production is, required_then custom

masks Scoul d st enlyzbnnectivityistaistuyes arerplacesl inrtheiseribe dines desicnated arean &Figit! 3nmxi num

silicon utilization...Fi.qg.. i S I3\ i j a1 By I e 110 of a
| ogi ¢ array %% Wlllgﬁ%w#é%a fn88"é|1d9r1§y o& 488%#{%%4 %%?dgsg%%iruliesggcég di tional
f i netional lagimizablebitiettior 3% toRhi®aLibs line Routinf fabtit Znst sBown)l Fhé 15

andmunoryarray 118. Fig: 12 is a drawing illustration of awafer 120 narked
with reticl sustomizablgjcenection134allowsiscopnegtion fomithe rauting fabric apthet e waf er

terrain to carve.Q pecifl L . i : am four

di fferent réf?%ﬁﬁgeg%%eﬁ’elgﬁa%@ﬁﬁﬁhﬁfe (J%%rglgpé)eg@g{gg?@&%m %’h tg%%é)e% I'on of the
MENOr My arr ayr_xotheSl-BO!%)glr@ﬁ@@Qif padsai32nfor mﬁﬂw}xiﬂ ate ﬂhehd@m]tgémdulb a0 yvgf er
terrain; it is possible to optimze the silicon area and yet provide a

di fferent mandﬁﬂdséﬁ&fﬁﬁbSSmPMW%%W%NSWd@H@eWghe construction of

borderl ess | ogic E?Gfl j ienG § i uset i ncl ude
consi deration forYae\Eva er&gﬁ%{n@&ggﬁ% comﬁvﬁehilésﬂgg%ir@gv a sgirﬁ?%e l'i ne,
i ndi cati ng \Peote Cdré forafndtipleldesipus. Fig. 34 is ddrdwirgilledttabon ofiewdfeci ng of t he

wafer into many individyal .dies. Typi.cally a |gse crigb n_cut a 50
i cr ons i deomPEe otiAeTpve Ffeess Weif Sreli el i b A TREPHS w dt h
bet e 75 tapealdftthe WatePR tnifbideand3i itdlepéileAtdNthd §Roific esiph'Sigsai ray i s
constructed as array of nodules. A preferred nodule is rectangular wth
each side siplasembett Wothrsuch gularity, itis pessibleigl constpigt single probe card to allow
testing of the wafer by stepping over it. Under proper software control a single Probe
Card could be used to test any device on the wafer 140. Similarly, it is also

contemplated that a single Probe Card may be used to simultaneously test multiple

20 dies on the wafer, or with the proper test logic, test a die with more area pads than
probes on the Probe Card.
The current invention is not limited to products that combine generic layers
with custom layers. Rather it could be use to build a borderless FPGA product. A
borderless FPGA wafer could than be diced to provide many options of gate count
25 and block memory size from one base mask-set.
Another use of the current invention is to yield a very large device. Very large
devices are subject to very low yield, which make them economically unviable.
Under the current invention yield can be improved if the following procedure is
applied: '
30 (1) Test the substrate layers prior to the custom masks. This implies that each
module is independently tested. To do this there need to be pads dedicated to
20



19 WO 2004/ 061903 PCT/ US2003/ 039878 array of logic or array of nenory or
conbi nation thereof, which may include other special function |like PLL. A
pref erabl qyé9s@lobdas f Or scribe lines is the edge of suchpcingubeosdss

| ocation for potential scribe line may include transistors, which would not
be powered if that scribe line is used for dicing. Alternatively it could be
designed 5 so only connectivity structures are placed in the scribe |ines
designated areas. Fig. 13 is a drawing illustration of a nodule 130 with
designated area for scribhe Iine 136 and custom zable connection 134 to the

scribe Iine routi seme fumchions likstclagkeo§gan-in, pan-o St 2omrel. Rightect i on 134

al l ows di sconnectig . i f I SO N area, if
“that potenti al scﬁcg‘%‘;lpgﬂ%ilggt%&é%ﬂ%sggpwaﬁ%?ggm@%%%?ﬁﬂg 10 nodul e
130 conprises of pgamagel Abubhkpdciut aligrishent Biipaent will prabably rieed tdiee modul e 130
and pads 138 for the supply powering the circuits within the nodul e. Yet
anot her advant age imegreted it existing standard Proberss t he possi bl e use of single

Pr obe rd for nulty ' i ' Kifktrade! ret..on of a

waf er Cgorrpri sed (g#) giﬂseerﬂl%lssgg‘gﬁc ggé}%eﬁoﬁagéésﬁog%ﬁc rray éceés\gggjr'e \%vith Area
Pads. The pads 15 refifir@s @péciut plaaémeéntipsogratinfto minke ket best usedf ferwvaidiblof t he

specific design size and placenent. Wth such,regul a\r#ét%li_ it is ssible to
construct single praferareagiven the guistanding gxderspf digs to panyiace. Rre }Oilng over

it. Under proper r a3 d : uged to test
any device on theﬁﬁg/a%lg?cg%gagg{e%eflg?@ygg#t&eﬁéﬁgﬁggggg%tega%ﬂng?gdé)}tﬁgt a
si ngl e Probe Card costgmbda patteting 0 si nul t aneously test nmultiple 20 dies on

the wafer, or with the proper. test logic, test a the with nore area pads
than pPobes on t K3 ﬁ‘@d@ewf%.a"eﬂﬁ@“@grrent invention is not linmted to

products that conblgﬁ' mgﬁ %E hdd -gﬁmﬁ{g it could be
use to build a bor e?fess b%?&g%@ {&%&l%ggéfgp}qess %’gﬁ%g?&e‘iercoul d than
be diced to pexisting eechmiqyeso (Raugh analfsigsiggestothatt pre-RSting sndodymaknicplacemenst i ze

from one base sk-set not her use of the curregnt.jnvention is.fo vield a

very |arge. detfcuscanganble R teueg et water SVE oAl IBigaes Haseielmly i ch

make them ecoﬂﬂ@rﬁ%bbfdié%ﬂe@bﬁe&eqdﬁéﬁﬁ&rprbd[&tiéﬂrliGlﬁHuld A6 BE heted iaglad can be
T

inproved if the fol'lowi ng procedure is _a
15 with the other tec

existing stepper technology could be produced. In that case the described yield

. ptgzlm ed: a
ques above, larger dies such as are currently possible with

enhancement is crucial.
It is further contemplated that the dedicated pads needed for testing may or
may not coincide with the area pads as shown in figure 3c. It is.also contemplated
20 that the pads necessary for testing may have the same configuration regardless of the
type of module, such that the probe card may be configured to simultaneously probe
any combinations of modules at a time.
In another embodiment, test, power, ground and clock logic may be tied
together at the wafer level, such that a single probe of the wafer is sufficient to test all
25 of the modules within the wafer. Subsequent customization and scribing then isolates
the power, ground, test and clock logic to specific modules and dies, to reduce the
need for special pads, and pre-customization test time.
Fig. 15 is a drawing illustration of via layer customizable routing structure
150. In some fabrication processes a via layer might have reduced yield. A variation
30 of the structure 150, that uses double via for the continuation bridges 154 instead of
single via 152, could be an effective solution. Via customizable routing fabric
21



30 (1) Test the substrate layers prior to the custom masks. This inplies
that each nodule is independently tested. To do this there need to be pads
dedicated to 20 WO 2004/ 061903 PCTI US2003/ 039878 sone functions lik

cl ock, scHB2PH06I03n-out, and test control. Probe techrf§TES208393¢878 to
probe pads as small as 20x20 mcrons with m nimal damage, though speci al

al i gnnent equi pnent will probably need to be integrated into existing
standard Probers. 5 (2) Place the specific design so as to avoid faulty
substrate cell s Thi S requi res a speci al placenent program to make the
best use of 4 ?eQL Pinfle HritFoT shite dRebtinaRahatosd Gfliznd! di es
t o manuf acture resuma I's aI so controls the designation of the direct
wite of themallbridges. Thnrefy)realbrcdges:ploymgldaulplamwamsan ¢ftectigy sabatwom. fithe waf er

accordingly. The resultin shou pravi de i fic i.el d
i npr overrent shauld b GER‘F‘ Wgﬂ?é‘i"r\’ﬁpdﬂﬁgn Hﬁﬁyaﬁ‘?gl’ 6%?"@“%‘8 35—‘5‘1‘%“ at
pre-testi nguﬁ&&aﬁm fm%lﬁﬁﬁrrent of die can double the revenue per wafer

over conventional techniques, if a sufficiently wde range of die sizes are
requi red for produmcdlienmative solsﬁnnnodlcbbmx;ﬂeyedcfbemluinaprocksumﬁ Ivsiuggestshe ot her

t echni ques above, . J. arger. dies tha such as are urre ossible with

exi sting st ml%‘i}’s@%m HET 5‘?“0‘8‘(?&88‘31 O ﬁ%"ﬁ‘dﬁé&“f%ma&%cn bed
yield enha g@ﬂﬂec“ﬁ Séghdn®d 153! 159 with tHelsaRk nfci 18P 66.ed. t hat the dedi cat ed
pads neededr&?agr testi ﬁg may or may not ecsm nci de. ﬁﬁ)h the area pads as.

shown in figure Forvéolumegpradustorcalditiompl vicld¢nhagemeniitechniquosowldbecessary for

testing may ha sane_configuratign re ardl s of t of ., nodul e,

such t hat tﬁ@pﬁ}yﬁ&%’ﬁ‘ﬂnﬂl& ¥Pa VAo q{’ F‘t’sé%gﬁ?#gbq‘%l@ €any

conbi p@t i ongnPEinpRA4A %ﬁh%tdoﬁblk 'v{H3whéré‘ Sl ﬂavﬁigtiﬁayt OBiNe paftétfd in dMOVer

ground and clock™l ogi ng?éi be tied toget her at the waf er | evel , such. that
y

a single pr@treyﬁfrmwh fepetitivefsiru¢tanetmaks it very fiagndly toemploymant pfdul es

pover | ar oudihd piepeaRGR Ik SRR Ltk AT T BabctR g BEERES (G0
the need f desigiaBataltiliza dfe,same dogic m@lﬁbmnmtfaﬂmtnmhaﬁxmould then be
reviewed for yield enhancement. The yield enhancement may involve changing the

15 layout of the generic logic array and therefore replacing some of the generic masks.
Reference is now made to Figs 16, 17, and 18 which illustrates another
preferred embodiment of the current invention. These figures illustrate via-
configurable I/O. Preferably the area I/0-of the borderless logic array is configurable
/0. Tt is advantageous to many users to have flexibility of the I/O configuration, in
20 addition to having flexibility of the logic. It is the purpose of this invention to utilize
the same custom mask to configure both the core logic and the VO. Fig. 16 illustrates
a simple via-configurable I/O 160, where a circle 162 marks the potential vias. Few
vias are arranged to connect a line used as a jumper, and mark such as J4 164 to the
crossing line, preferably underneath 166 or 167 or 168. Different types of I/Os could
25 be constructed by selecting some of the potential vias. Fig. 17 presents a
configuration of the configurable I/O of Fig. 16 as an input cell 170. The selected vias
are marked by black filled circle 172. Fig. 18 presents an alternative configuration as
output cell 180.
Fig. 19 is a layout drawing illustration of via customizable I/O 190. The /O
30 comprises the main elements pads 192, high drive I/O section 194 and the I/O logic
section 196 comprising the pre-driver circuits.
22



Fig. 15 is a drawing illustration of via |layer custom zable routing
structure 150. In sone fabrication processes a via |layer m ght have reduced
yield. A Wi@,&ﬁg‘n 30 of the structure 150, that uses dptihius20es/6398® t he
continuation bridges 154 instead of single via 152, could be an effective
solution. Via custom zable routing fabric 21 WD 2004/061903

PCT/ US2003/ 039878 increases the use of vies primarily in the formof sane
direction connections utilizing snall bridges. Therefore bridges enpl oying
doubl e vias are an effective solution. It should be pointed out that double

via bridges inpl yFigo2 is algyaus drawingiltuswationaf @ small segtioa of thei Yiabl e f or
routing. 5 An al ternative, spolution cou b v.Ql producti on.

"It suggests SHHYLZA e?&’dﬁl"ﬁﬁﬁnﬁ%wﬁ@t‘sﬁ\‘%@%@gr‘%&%“%ﬁ%ﬁﬁet al layers

coul d use cugipaedBsde06t hat connect the segnents 153, 155 with the sane

metal |ayer 156. For volune production additional_ yield enhancenment
t echni que coul d bl anﬁhﬂs@b@lgnﬁotV@XmeéPﬂ@nﬂﬁQfmlﬂmﬁtlﬁﬁe‘“{?ﬂﬁ Iphspect

t he cust om desi gn, and, repl.ace an j.ngle vi i l e via where
possi ble. Half %gflé)lf&h]_ﬁgucga%%&‘?%v?jn ﬁcr?&!‘/iaqe\(l)gro%l&w“%%% hi ghl'y
repetitive stftsteéntettingtednt br woFe/off thésertdlly/byt goeiﬂﬁigcaudmohalcs%gmymel d
enhancenments. It is possible to keep track o ield loss in production of

specific, dbetwsas cellsfor vie pragramming. Bagfurthergontemplated thatbmary marg /@4 | ur e
o | . 5 f o :
enhancenont 5 26Kkt BEeach SeRe B ch@5s Mg AnBR NS SERT bach Febeatnblte,

and t her ef or g sl flexible prepiEmMing dfeaciefepedtingtofeksl/O phidd. er ence i s now nmade to
Figs 16, 17, and 18 which illustrates another preferred enbodi nent of the

current0 i nvent i onAnptiespreferigd cabodiment of the gumgeng Inveptian i§ Hhe.amhanqed wia-
Preferably th 1419, Fhe &liEnRAVIELLERAARINO i hSaf DO/dcORERRE S 1/ O

It is advantage S to nmany users to exibility o

conf i gur at i omhas the passitilityi df impletmentiveg/mnliipid ¥Q istandards/with eithee singlpiendedt is t he

purpose of this inv nti‘g o Iliiéﬁ”lur\? ﬁ@ge cL;stom mas&qﬂto copfigure both

the core Iogi°b"‘pém§ﬂ1 fi&n "%dnp q&i{l@_ce THI _e§t°" grglpg}ﬁpg ‘_’o’r‘-tE nfigurabl e

1/0 160, Wnervsnage%feféneedlﬁauﬂﬁkgﬁstrn?euggtcﬁrasff&knﬁm aStpufBfferedfifiSnpiite ar r anged
aju

to connect a line used a nper, and mark such as J4 164 to the crossing

S a |
li ne, ¥ ef er §like/LVDR8EVBECH, atedand cande configuged topinfplemenhthese/fupstians 1/ Os coul d

25 be constr ygted bt 8l Sell-08 iR e Hi%BR Gl Bb alhfingls' utoh TP S5eNt S

mask as the rest of the chip, and a proper ehoice of supply and reference voltages, the
user will be able to_implement variety of I/O.standards like the ones exemplified by
the references above.

20 : Fig. 32 is an illustration. of a floor plan of such I/O arranged for staggered pad
bonding. The floor plan shows two IO circuit 323 each with its own pad 321. Each
I/O can function as individual /O, or both can function as a pair for differential I/O
standards.

Because the enhanced via-configurable I/O can implement also differential

25 standards it is necessary that it connects to two pads (see Fig.26. elements 260).
When single ended input, single ended output or voltage referenced input standards
are implemented, both pads 260 will carry individual signals. When differential input
or differential output standards are implemented, both pads 260 will carry a single
logical signal. As shown in the Fig. 26 the enhanced via-configurable I/O contains: a

30 differential output amplifier 261, two differential input amplifiers 262, two output
buffers 263, and two input buffers 264. In a normal implementation the enhanced via-
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configuration of the configurable 1/O of Fig. 16 as an input cell 170. The
selected vias are marked by black filled circle 172. Fig. 18 presents an
alternative configuration as output cell 180. Fig. 19 is a |l ayout draw ng

i |1 ustratWOr0eH064403 cust oni zable 1/0 190. The 1/0 30 cdGVREV/Y8ngi n

el ements pads 192, high drive I/O section 194 and the 1/0 logic section 196
conprising the pre-driver circuits. 22 WO 2004/ 061903 PCTI US2003/ 039878

Fig. 20 is a layout drawing illustration of a small section of the via
custom zable 1/0, illustrating a junper 202 with an activated via 204 and a

Moput 163, CRRMHEYO e ARAARRSIRRREHout S6ATBPRCR BRREIRC ) TV
coul d be congirddflydhese conpoaents oaekd integconnecteitodmplantent thie standards al | s by

provi ding additional segnments.  between cells for via pr anmping. It is
further contdsaqribsd eboveriisingsngle yigcannectipnsaparked wish gireles 8‘%10%@6 Riggi@peat i ng

core 28, Fi e ] %ﬂ} i flexible
pr ogr amm nggI(')t?e eac @(rig%e%ﬂﬁ g P:Ig?/e(?s @%ads.&%ﬁxﬁﬁ?k‘i‘g?&&@% ed '
embodi geNt  ofigrialye thetifore we withewe 2 @onestionse? 65 rthat wilt dring signals fifonpthe ahipe 1/ 0.
The enhanced vj a-configurabl e /?/ it de&imged as an. 1/ Ow%gﬁi ce that has the
possi bi | i t y STompPeeons stage pd e Q) eircpt and twg ggpRectigRs #tvall deivegl e ended

out put t si ngl j |4 ) \ienesy : - S| d out put/
vol F age r e? e@%%%ggﬁfénﬁ&(ﬁgi%%ﬁﬁmghge&) orogwgr%@gwhga&mg& P
out put / di f f cliasatwa tonnegticdns 269 fdridutpuit efiadBle. LVPECL, etc.) and can be configured

to inplenent these fungfiions ,using cqnnections realized w a.single via
mask. Using the sHifdr 6?%‘1"(}@9%381’1&# e copEgl signajs Brfhﬁgpfp‘%é’&%?ai"ai p, and a

pr operlf)choi Céi b meﬂ% %‘on}ﬂﬂi 12R{16 EGRME oiPirdALER or'fitfin a PR&AoudiclrbuiP Omb! e

to-implenent vari et /0? standards i ke the ones exenplifi ed by the
ref erences aiogplanen®iokifor. the predsvenciichit isqiresenied in Fighre:3% Mdwmn quipph of such 1/0

201060 | RISy AL BT R el 7
both can f ungiffepBoRanddrdeenito fiR'padi3Di.chmernist, the/ $ad 3Martideds high

impedance state. The output buffer 393 is not part of the predriver but it is presented

15 in Figure 39 for its easy understanding. However, if no control signals exists, the
predriver might be discarded and the output data signals from core can be connected
directly to the control of the output driver, and this is the situation in Figures 27 to 31.

Figures 27 to 31 show examples of configuration for enhanced via-

configurable I/O. The black circle (Fig. 27 element 270) represents a connection

20 realized with configurable via. Figure 27 shows an enhanced via-configurable I/O
implementing two single ended output I/O interfaces. The signal coming from the
chip core or from a previous stage of the I/O circuit is connected to the output buffer
263 transistors using the configuration via 272. The input buffers 264 are tied off
using another configuration via 271. Figure 28 shows the implementation of two

25 single ended input interfaces. The output buffers 263 are inactivated using via
configurable connections 281. Using a via configurable connection 280 the pad 260 is
connected directly to the input buffer 264. Figure 29 shows the implementation of
two voltage-referenced input interfaces. The output buffers 263 are inactivated using
the connections 291. The two input differential amplifiers 262 have their inverting

30 inputs connected to a reference voltage, which has to be supplied from outside using
connections 292, and their non-inverting inputs are connected to the pads 260 using

24



Because the enhanced via-configurable 1/0O can inplenent also differential
25 standards it is necessary that it connects to two pads (see Fig. 26.

el enents 3003004060065 Si ngl e ended input, single ended oupoutysedosesdstsige
referenced I nput standards are inplenented, both pads 260 will carry

i ndi vi dual signals. Wen differential input or differential output
standards are inplenented, both pads 260 will carry a single |ogical
signal. As shown in the Fig. 26 the enhanced via-configurable 1/0O contains:

a 30 differential output anplifier 261, two differential input anplifiers
262, two out pornectinysf298 sTheasitpuiniof thainpuhdiffereptislramplifies262|are eonsestedto

i npl ementati on en ced via- 23. 4/ 06 [ US2003/.03987
confi gur abl e"ﬁB"&)Q@E‘?ﬁ g&ﬂgs“éﬁ CPW?CB?%%%Hrg e é@ﬁ% cgiig (f"‘n(gisr
presence is Rpat diffeRndal iapit inttEceand AWReRRScHoR 301 RfinhdtivateaRe b@pued t o
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mar ked wi t h biffers 363,298n¢st0n 62 tq tigfE one input buffen 464 gonnegtions i Mdgad305e 1/ 0
can transport to or, fro i 1o f.wo_dat i ;. t.heref we wll
have 2a£0 nned? F?Pﬂg"tf%‘? pg#ggo&f Il&Fe lﬁﬁrhﬁg gels%eﬁgy%y ?’?%Wteﬁ@%lﬂﬁ'ﬂ? ogﬁﬁf rom a
previ ous st ageff@éntialipht Anglifies 362 andétintoion 308 AEednnedtthe GEphthdihen | | drive
signals to the chip or to the grew ous stage of the 1/0 circuit. Optionally

it can al so differentiahinpubamplifier ﬁ%t«zlbgimp@tb B64. lﬁm%fhw&thmegri ver )
i i . . eeS] 10
ot & and concpbiemehifiof 8FbistinSrefi ofirb bk Bid Uk collerdin ARG, 70,07 1"

One i npl enerhativAe tHeWutpud Buffér® 463, \cofinettionsd 12 and 303 et the in?ﬂib@ﬂéﬁ 39.
When out put enable signal 390 is active, the data at 391 will_ be repeated

at inpl@s 39264pnd BH tepopoect thesignal conjng Sae the PR foredr (oM HBEFVIRY4 stage
O herw se, t%?tﬁ%?ﬁéﬁﬁpg%ﬁa@“f&‘m&ﬁﬂéﬁ%q@?g%{@ﬁ?ﬁfhe out put buffer

393 is not part of er but 1t s pr n, Figure 39 for
its easy under st aidlamghertdmbeidimient of thiscurrenttinvention gdditienad xousing charnels,

redriver mgh e djscarded and the tput data signals.fr core.can be
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of logic with over million gates, more than 4 layers of routing might be required. The

current invention suggests the use of very:long tracks in addition to the short tracks
and long tracks described in US patent 6,331,733. The very long'tracks would have

20 very few, or even zero, contacts within the module. The router software could assign
the very long tracks to route between logic cells that are very far apart. At every end
point or contact point of the very long track, short routing tracks would be used to
connect it to the 4-metal routing fabric. This approach allows extension of the
segmented routing architecture to as many metal layers as the fabrication process

25 supports. It is further contemplated that very long tracks will include jumpers 154, an
example of which is shown in Figure 15, between each repeating core, to allow for
scribing between repeating cores while maintaining reliable use of all segments. In
addition, it is contemplated that some of these long lines may be used for power and
ground distribution across modules within target dies. The very long tracks might be

30 placed on a dedicated metal layer, on metal layers that are used to construct the logic
array or on the metal layers that are used for interconnect. The potential scribe line

25



chip core or froma previous stage of the 1/0 circuit is connected to the
out put buffer 263 transistors using the configuration via 272. The input
buf f ers 26¥lo agogoétoexl of f  using anot her configuration vi ® 2/AK20031039878 28
shows the inplenentation of two 25 single ended input interfaces. The out put
buffers 263 are inactivated using via configurable connections 281. Using a
via configurable connection 280 the pad 260 is connected directly to the

i nput buffer 264. Figure 29 shows the inplenentation of two

vol t age-referenced input |nterfaces The out put buffers 263 are inactivated
using the cbeifeen repaatinegnodule.mightge insome casesradielsrably logation f P{@Pé’e%z have
their |nvertk? J%Q i nputs connected to a reference voltage whi ch has to be
supplied fro s*de usi ng connections 292, and their non-inverting inputs

are connected to IhsndtiwdemBodiment 6this 2D inVendoN & 1IN HIEDOXIFL PIHPoEFI8 78
connections 293. The outputs of the i <{)Ut dlfferentl al, aITp|IfISI‘S 262 are

connected to orlthmwtm&wmegh%bﬁwganrgo uies 2855248+ Therp ve pf e 30 shows

the i ement i onnecti on
301 tgpA nacU%H EI’X 19Eberegﬁ(fe girﬂégg%%m co A@%{ﬁ&ﬂ%@ tg%d{t%fgacglff one

i nput buf f er oftfed B)Clmhﬁgcmbh)f'ssraﬁﬂﬂew)dba@@aﬁ off chequenericfabtib thepradisctidfof t o t he
inverting respectively non-inve tlnq i nputs_of one dlfferentl | i nput

anpl i fier 2 6 srosh thllcis pEeadeddn thex thap by therqarrfulstesigRof the 1 er ent i al
i nput anplifi ﬁ&oxﬁ%%%@%&%&?er en#{b fj)é{fcflegcr%ﬁﬁe bk WWdid dﬂg%ﬁ?fe}shg farther

|nplenentat|on 0 output 1nterface and uses connectlon 310
to inactivalsn lifyzthumxplohnimbﬁan&reaﬁ% sxgmalslelebng)hnes?,nafeeade &hﬁw\t maflé e of f

t he i nput buffers 10.26 311 0 conne com n e chi
core of0fromi@ ﬁﬁr%?rl d&sﬁs‘ l“ﬁ'éatPP élcP tﬁﬁg\‘ﬁ fotg{ Egﬁ"ﬁ@ P
differential ; vareahﬁﬁ]xgme%ﬁﬁfeﬂ ruBhifd. BholGaRAuIRADPlhal BT T ot

i nvention additional rout channel s, very long tracks, are
i nt roduced. ﬂm/errlwecsatwcsMntaW JroEers Z)ZSEBQﬁ alﬁﬂfom‘ngtal 6 tonrection ingswByg

illustration of ver tra s 21 214 dul e 210. The very | ong
15 tracks coﬁ?lﬂ tﬂ?ﬁ%’ﬁd’é?‘gﬁ ¢ Stug ?‘6%481‘?‘6??? Yric 150 to all ow
segnented routing lmuﬁﬁiﬂﬁeahztblﬂndmm | ayers. When many nodul es are tiled
together to construct array ic with over mllion gates, nore than 4

| ayer s1®f routi ng(?ﬁwefﬁ@eﬁ%tﬂ 22The current invention suggests the use

of very.long trac 9 ]@g ﬁmg { 1?&( qﬂ'é acks
described in US pﬁ) g‘%z?gg&l egvgr%&]ltngn% Ek%@vnglﬁ:ﬂ% Ve

(4) Leave lines 222 and 224 unconnected and tie off the buffer.

Fig. 23 is a drawing illustration of a simple ‘scramble box’ function. Four

lines are coming into the ‘scramble box’ 230 on one side 232 and coming out from
20 the other side 234, where each line now has new “neighbors™ .
Fig. 24 is a drawing illustration of ‘scramble box’ layout. The four lines
‘scramble box’ 240 includes a configurable buffers structure 242.
Fig. 25 is a drawing illustration of ‘scramble box’ layout for 28 lines 250. It
comprises seven copies of the structure 240 and it includes 28 buffer structure 252.
25 Yet another alternative of the current invention seeks to maintain standard
production. In this alternative the dicing of the wafer is done in the conventional way
of Fig. 1 and dicing streets do not comprise metal lines, so scribe lines are similar to
those of most semiconductor devices. In this alternative the top metal is customized to
the specific die size while all the other layers are constructed as described before in a
30 continuous array fabric. As an example, a continuous array utilizing eASIC
technology would be constructed with generic metal up to and including Metal-3.
26



20 very few, or even zero,. contacts within the nodule. The router software
could assign the very long tracks to route between logic cells that are
very far apart. At every end point or contact point of the very |ong
track, ' s e00dO6r9hg tracks woul d be used to connect i PCTAS2N3/03987t o
routing fabric. This approach allows extension of the segnented routing
architecture to as many netal |layers as the fabrication process 25 supports.
It is further contenplated that very long tracks will include junipers 154,
an exanple of which is shown in Figure 15, between each repeating core, to

of al' seqmihiseoutions pRY MRH becopeneb L ameatet st SERIMSRORES [ong
i nes MYy DgudiSRthddile POTTFIRNG, EShQUIImBARE thilpiidcs lsd GesipatétPated &5y W L i n

target dies. e very long tTtacks mght be 30 placed on a dedicated netal
| ayer, on metrile line\i86sFighdd is ardeawing df @ wafep 330 withicontions tjlieg ofimedyle or on t he

V0 2004; D61 3k VBeek MBS ronshobl SEhaR AR A0 e Bt W pEmA | some
cases q prefgiriiRs bosasgon for the very long track. In another embodi ment

of this current invention a "scranble box' is proposed for the routing
connecti on bet weSnuchhgaerie basedabyic waudd than aiseshiosonstingt logicsamay of a vadeusmhl e box'

is t duce, cr. tal k bet | | j t hat dj t h other.
By havi ng. sCises by shimeiRg Ge e SOfLIaVeS RoconBheyinThetob RS baybfh 88K Cuct i on
of cross t gk ietd-4oMétaegicduld béconstrldtedas denbrid patRid@belstomedbyenear ef ul

design of the custom zation |ayers. Preferably such "scranble box' would

i ncl ude buf foemore appligationcsspecific pystom mask Alteneatively allimesal layeas might boe si gnal s

of Iomg i nes., Reference is now made 10 to Fig. 22. Fig. 22 is a draw ng

i 11ustFati of8P™a conf i gurabl e buffer structure. The 220 illustrates via

confi gurabl e buf fFeg. 38ty aldiawirg oflwafer BiOuelese the lboff thetal ardhgbditiconstruoy t he

| ower | ayers_ two I\/Eta:rm;ulunpers 23‘% c§i§6 .and fogr Metal 6 connection |ines.

By sel ecti dif 34Ariox3 e\}i30s Theqwafst somde lipes 346, P48 48 subsst ofghc mefemtial (1)

Buf f er lines@%l;e g&slohpfgggﬁ;' 15 (2) Buffer line 224 to line 222; (3)
R

Connect |ine W ne 224 with no buffer and tie off the buffer; (4)
Leave |lines 222 &gl 333sla drawmgafovafer X0dvierethe tdp mbtsl is aframged to construct
15 a different die size. Die 344 is 2x2 module 130. Wafer 350 scribe lines 356, 358 are

another subset of the potential scribe-lines of Fig. 33.

This alternative of the current invention could be used for high volume
production of designs that have been prototyped with the methed described earlier,
whereby various die sizes are place on the same wafer — Fig. 7 and Fig. 8. It might be

20 preferable to designate few die sizes for prototype and low volume purposes, and to

, constrain placement of specific design according to the target die size planned for the
high volume production phase, and to use that placement for the layout of the volume
part. This minimizes the risk that the volume parts will behave differently from the
prototype parts.

25 Additional option of this alternative is to use the top metal layers to construct
pads at the die edge and to connect those pads to the appropriate /O within the die.
Constructing pads on the die edge would enable wire bonding packaging for
situations when wire bonding is preferable to flip-chip.

The repeating module could comprise regular logic fabric of eCells and /O

30 portion comprising via-configurable I/O. The ratio of the I/O portion to the logic is a
design choice. The repeating module would be designed accordingly. There are
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Fig. 23 is a drawing, illustration of a sinple "scranmble box' function. Four
lines are coming into the "scranble box' 230 on one side 232 and com ng out
from 20 the other side 234, where each |ine now has new "nejigh s'. Fig.
24 is a dVMPOITBustration of “scranble box' |ayout. T'Ff‘eﬁﬁ%%f’?’&gﬁ@s
“scranbl e box'" 240 includes a configurable buffers structure 242. Fig. 25 is
a drawing illustration of “scramble box' |ayout for 28 lines 250. It

conpri ses seven copies of the structure 240 and it includes 28 buffer
structure 252. 25 Yet another alternative of the current invention seeks to

mai nt ai n St%@ﬂ%}e&’w&iyﬁgﬂo defﬁshi&hgoﬁ’ééﬁivﬁﬁifitﬂeﬁnb&ﬂe@ﬂ isiig of the wafer is

done in the conventional of Fig. 1 and dicing streets do not conprise
met al | i nes,demonstratedoia Hig ¥.simlar to those of nobst sem conductor

devices. In this alt tive the t L, i tom zed .to .th i fi
Gie oize while amerhdraenitesympdie T80 fun il G ofbedfitnt sdskieBr ore 1 n a
30 conti nuog@g%weha& jafed rOSmABr S¥BENE 363 aldtpithébetsim ahd & right | i zi ng

eASI C techn gy woul d be constructed with generic netal up to and including
Metal -8.  26ida8 Bipg(B6-BeledmosstRes aulaguertiadssdf 2xhmodyled60nuous array woul d

be constructed in,.a ul ar_structure til] ul such.as nodul e 130
of Fig. 13. Efachq:égrc"ﬁo %BEBF@%%S&T'BP ‘&839‘;1”35["}52‘2‘?‘50&@‘{1‘53‘1%?@@ sf%redggcri be Iine
136. Fig. 33 ?gmkmoﬁﬂedgé 383 \Wathahe dekflnidell Poci éri s6HBe Fnds| 374 Atbrpfthérodul e
334 which wou e constructed such as nodule 130. Fig. 33 al so shows the

potential Shattom dnd the right siies, Fig 47-B dembnsigates aitding perion378i of 2w modulehan used
to construct3 ogic array of a various die sizes by constructing the top
netal |ayers Qe cor di ngly. The top nmetal |ayers such as Metal-4 to Metal -8

coul d fpe const r uctipdisa of gaRibutioR MyeRrallows peingbé DOiczRdcéytdiageo ther nor e
application specific custommask Alternatively all nmetal |ayers mght be 10
custom Fi g.dmedbg&tﬂﬂ/maﬁgaworhﬁﬁfﬁm?&@“%@%@lwn@éﬁfwmkﬁth&nged to

const el iy Byl il gk RSB P RIS 100 1
waf er 350 whekk chidién idesigmilhid is ian iraportangatttitiute aftths tument invehtion. di f ferent di e
size. Die 344 1s ,IZ,herSierD a?llci Itl?e alsggét rz\t/t\?g the re%ggtinsgcnrlci)cgﬁe Lvlc)\ql%sbe%Se'? écc§r5d§ngat2)e
15 the requirements of any specific product offering. In general, it would be desired to
keep the horizontal and the vertical sizes to be less than 1 mm. Logic devices are used
with die sizes smaller even than 3x3 mm? and up to a whole reticle sizes of over
20x20 mm?. For a small device an increment of one module, sized 1x1 mm square,
might result in adding 1mm to the die width as for many reasons die are made
20 rectangular. That could mean that the die area will be increased by 33%. It therefore
desired to keep the size of the repeating module, and of the resulting increase in the
linear die dimension, relatively small.
A configurable I/O circuit such that has been described in Fig. 32 may require
an area of 24,000 p? for I/O pair at 0.13p processes. The ratio of the area, dedicated
25 for the /O 362, to the total area of the repeating module 360 will drive the percent of
the die area dedicated to I/Os. In most cases it is desirable to keep this ratio down, so
most of the die real estate is devoted for circuit function, rather than to interfaces in
and out of the device. For most cases it would be preferable to have that ratio below
20%.
30 For a repeating module 360 sized at about 0.5x0.5 mm? - equal to 250,000 p2 -
the I/O portion 362 should be therefore less than 50,0002, Which implies that only
28



anot her subset of the potential scribe |lines of Fig. 33. This alternative of
the current invention could be used for high volunme production of designs

t hat have been prototyped with the nmethod described earlier, whereby

vari ous dwe 20#@39|re pl ace on the sane wafer - Fig. 7 aPCI/BR203/8398T& m ght
be 20 preferable to designate few die sizes for prototype and | ow vol une
purposes, and to constrain placenent of specific design according to the
target die size planned for the high volunme production phase, and to use
that placenent for the |ayout of the volune part. This mnimzes the risk

that th I t L.l iff tly f t r ot ot ts. 25
Addi t1 onal OIS Brould i gt pes aepris el Fhy Rt ARl o
construct SIrPdastd Whel i€isQidsipabied Kelp fcal ShapEoMABE YO R willBe aPPr OPT i at e

[/Owthin the die. Constructing pads on e die edge. woul d enable wire
bondi ng packessgientp Have thei tmod{Q paits IH2aidevhyr sidevasrilustratadan Fig B8r Bigl 38 also

flip-chip. The r in dul.e | d, conpr.ise regular. l.ogic.fabric of
eCells and 1 BStrag%e%é ﬂ?‘?dé’fFD%eﬁm ?&u ?fghWTeggmﬁ(b(ﬁ'?%%sﬂc'ﬁ Patﬁ*}%“?‘i}ﬁ? o of the
| /'O poktion frid Buld ﬁﬂt&oﬂe%e%secﬂﬁ%o%&hgieeﬁc cﬂ&t@n{FﬁB&&wﬁ'ﬂ ¢ € would be
desi gned accordingly. There are 27 WO 2004/ 061903 PCT/ US2003/ 039878

advant ages t ameint ghlogivandGized héeordinglygThamse layersof sichtfhbricremild be wsefds as
denonstrated, i n Fi sh36.and 37. .Eig. 36 de‘irnﬁnﬂ?rates a m)ddule 360, with I/0O
cel s al ong 1PhER2RY gRRlications, Eacféém Wi oY e » R RSSEr AR S A scr i be

lines 364 al greifitapplRatibeWoalddist bstérh 961 layérs 8 éiRfomilé the gdReri? RHERPtrates a
tiling porti%ﬁ 3686%f 2x3 m)dulse 360.%8? 37 dem)nstrgt es a nodule 370 with

|/ O cel | s al wavipgthe tapilgyers eustian.ckhgdop aton layersiwoudd inchide ededisteibation t h t he
designated rpom.faor scrihe |lines 374 along the. bott and. t right sides.
i o, 39 5 actoar Pumpt rad oneEBon’ By FaShs gpag e S M Bvickfne 18" Lce
of redistri bieliseibutiay e6ild atrhpehdpals imuriduadihg Gtri@hie a8 tCllustrdie in®Fig he
desired logic to 1/0 ratio and other architectural technical consideration,

while the n3aBesonyentionakbending qopld bejised mim arrasstrugtusefog dickibcor di ng to the
specific nee . i . Sl i . i.bute of the
TNt iny eﬂatc?%%nfﬁ B cadbWIR oS bftating fHbdulk Ss&bCellb U Seterididytds
would be all layers up to M4, and M4 to M8 or M9 would be custom. Yet many
15 alternative schemes could be used. M4 to M7 are typically used for signal routing
while M8 and M9 would be used for Pads redistribution, power distribution and

clocks distributions. It could be preferred to have the via layers other than Via 6 -

generic-and in some cases it may effective to keep M6 and M7 generic too. If the
dicing process allows cutting through metal lines, then M4 to M7 could be geneﬁc

20 . and only Viaé could be custom.

If customization by only Via6 is used for prototyping and low volume, and for
high volume production a specific custom M4 to M8 are used to allow.conventional
dicing or for other consideration, then it will be preferable to use the preferable
embodiment of this invention that was described in reference to Fig. 15.

25 It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described hereinabove. Rather,
the scoQe of the present invention includes both combinations and sub-combinations
of various features described hereinabove as well as modifications and variations
which would occur to persons skilled in the art upon reading the foregoing

30 description and which are not in the prior art.
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The size and the aspect ratio the repeating nodul e woul d be set according to
15 the requirenents of any specific product offering. In general, it would
be desired to keep the horizontal and the vertical sizes to be |ess than I
mm Logi c devices are used wth die sizes smaller even than 3x3 mMm®2 and up
to a whole reticle sizes of over 20x20 nmmR2. For a small device an increnent
of one nodule, sized 1xI mmsquare, mght result in adding 1Inmto the die
wi dth as ﬁ@E‘H&ﬁwaeasons die are made 20 rectangular. That could mean t hat
the die area will be increased by 33% It therefore desired to keep the
size of the repeating nodule, and of the resulting increase in the linear

t he di mension, lrelaﬁuvehvﬁﬁwﬁmﬂhvme@ompngugabIe |/Ocircuit such that has
been descri bed |n require an area of 24,000 2 for I/O pair at

0. 13 processes. b? ’he area, dedicated 25 for the /0 362, to the
total area of thkalrggpeating nodule 360 will drive the percent of the die
area dedicated to 1/GCs. In nost cases it is desirable to keep this ratio

down, so nost “WEraiheridiagic ¥EY OEPHEE 4 ISPHEDS LR VBsew; At daastone i dtiflon,

rat her t haReatifOd R GLfeAGH Saill @emﬁ@ﬁ’du‘éfbtr d9\‘§1cé akh %‘{'s&ﬁe of &id Fégéétm 2R3 It would
be preferable to have that ratio below 20% For a repeating nodul e 360
si zed at aibfonlace@l Bha@est tortvo- Opeqmalsm!ee P 5, 969 I/@ “whehgén M Bapontiodnaid62 shoul d

be therefore ss t ha mplies 28 WO 2004/ 061903
PCTI US2003T 94358 & VR FPRIREG: 4 FPertRaid o -3 a PRIL V2P s Bpeat | ng
modul e 38Qeast érte rhod! D@ fiisat @ thd bdine BB 1/Oconfig@ativfen it is desirable to keep
one physical shape of the 1/0 it wll be easier to have the two 1/0 pairs
382 side by side as illustrated in Fig. 38. Fig. 38 also illustrates 3x3
modul e section 378 qf Iét'BSd BFF&BﬁEdti’ﬁg a@ﬂwoﬁ?lfc@&rd'e%ce '%%Raﬁaﬂgfng%ef@? log. 5 fabric
coul d therefore be used to constru€t specific custom specific
anount of Iog|mnamﬂngazedwamhmumbm@hyw The base Iayers of such fabric could
be useful for ap each its own 0g and
nccordi ngl y. o amihe 2oGupeiiiss 05k af Rk inshietst el S TE IRb oy s 1o
custon1zesbmgog@ngﬁ@gbﬁ@@glc by having the top Iayers custom The top
custom | ayers woul d include a redistribution 10 |ayer to support pad
construction t ovharainiglagiferrrysorugisers speating cesy vbereimaideast engioftspidput i on

could arr aa'?giel/ésh% I(pc%%% 1h Qaid ‘éérﬁ%ﬁ'ﬂ!c{b‘ﬂ dRLEM Gt §§mé 3f éch (!] H:%Egt ec%résn Fig.

are placed adjacent to two opposite sides of the area 1/0O; and wherein at least one of

alczarlgsstlo%lc S?rX)E

said area 1/Os is a via-configurable 1/O, said via-configurable 1/0O comprising at least

one metal layer that is the same for all 1/O configurations.

3. A semiconductor wafer comprising:

a borderless logic array, wherein said borderless logic array comprises a
repeating module containing logic cells and /O cells and a redistribution layer for
redistributing at least some of said I/O cells' connections to pads used in packaging,
wherein at least one of said 1/0O cells comprises area 1/0 having logic cells adjacent to

opposite sides of the area 1/0.

4. A semiconductor wafer according to claim 3, wherein said 1/O cells are

arranged in spaced parallel lines.
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3C so conventional bonding could be used, or in array structure for flip
chip packaging. In a case where the repeating nodul e uses eCells, the
generic layers would be all layers up to M4, and M4 to MB or M@ woul d be
custom Yet nmany 15 alternative schenes could be used. M4 to M/ are
typically used for signal routing while M8 and M woul d be used for Pads
redi stribution, power distribution and clocks distributions. It could be
preferred to have th ia | S Vi.a. Al nd 1| nme cases
"ty of feotive to Rebb RO NRG ek o bfinf . A SR pafief

di ci ng. pr okesSairedphcadent dabtt0. D ghmi hpagitgin lesethah 3 Immapart.t hen VA& to M7 coul d be
generic 20 and only Via6 could be custom If custom zation by only Via6 is
used for prototyping and | ow volume, and for high volunme production a

specific custong M4 to %i&{nﬁué{éﬁq’af& a%lc(:nﬁmgcﬁ)nl{ﬁﬂﬁ Lfn@her]gﬂi %gclﬂ"ge&ratiﬁg” ot her

consideration, then it wll be preferable o use the preferable  enbodi nent

of this inmedule oomprises atlasst tesmetablaglersn reference to Fig. 15. 25 It will be
appreci ated by persons skilled in the art that the present invention is not
limted to what has been particularly shown and descri bed herei nabove.

Rather, the scpOe, Afemhitenductsenifer QY@aingad claits l6y ddsrehpitiess00hd 6BaidNs and
sub- conbi nati ons of various features described herei nabove as well as

nodi fi cat i BEE! BKes gemprates 8AePeatite RAESWoul d occur to persons skilled in the
art upon reading the foregoing 30 description and which are not in the prior
art. 29 WE CLAIM |. A sem conductor device conprising: a borderless logic
array; area 1/ G ; wheemricandmic Wwabgi accendmayto ctaipra, sdsrean eagheatt sanigmetal e,
wherein at | east one of saijd rea 1/0Gs is located in said sem conductor
devi ce sucﬁy?rﬁé?m%rmaéqpegtér?%i’a%%‘eati ng cores are placed adjacent to two

opposite sides of the area I/O wherein at |east one of said area I/Cs is a
via-configurable I/O and wherein said via-configurable I/O conprises at
| east one met al91 ayek semigendustar eaferagpsondgg tgl dlainy @ weeiein pddiionagngistom A

met hod of gl Lx%%xja@%ed%o 5 %%%Qfﬁgétd?ef sifloH Gt sefifBab &b dafefie Steps of:
provi di ng a’ sem conductor substrate;
10. A semiconductor wafer according to claim 6, wherein additional custom

layers are arranged to form at least two different die sizes on said semiconductor wafer.

11. A semiconductor device comprising logic cells and repeating I/O cells,
wherein said repeating I/O cells are customized to different functions by using only
custom via layers and wherein at least one of said 1/0 cells comprises area /O having

logic cells adjacent to opposite sides of the area 1/0.

12. A semiconductor device according to claim 11, further comprising
repeating logic cells, and wherein said semiconductor device is customized by using

only custom via layers.
13. A semiconductor wafer according to claim 7, wherein additional custom

layers are arranged to define at least two different die sizes on said semiconductor

wafer.
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formng a borderless logic array, including a plurality of area 1/0s. on the
sem conduct or substrate; wherein said |ogic array conprises a repeating
core, wherein at |east one of said area I/Os is located in said

sem conductor device such that sonme of said repeating cores are placed

adj acent to two opposite sides of the area I/GQ and wherein at |east one of
said area 1/0s is a via-configurable 1/Q, said via-configurable 1/0O
conprising at |east ,one. netal |laver that is the.sane f.or -

cont1 gurati ons. 8 SR EE Rl c B st lthe s Pl SaMerd Bl Bt cbe B vy
array, wherei Belsaicdmpeitaierdtetastl ogb Celadtroajc womMpohehess and reypldplei pgssitdelul e
containing logic cells and |1/Ocells and a redjstribution |ayer for .

redi st ri buSINAECNS PBARE SAd FISCEHPNIE SPMPNCRISe Whergn 3t deAThens GHFEom ¥1aJa¥k iyised in

packagi ng, s WRSEShHle@bt [e8@Dhe BP&id ?séig;ﬁs@cogaﬁ@tiﬁﬁé !0%09??%@ iaiﬁ*ﬁs 3hesf did having

| ogic cells adjacent to opposite of the area ,& sem conduct or
waf er accol@icaljs.to claim 3, wherein said 1/Ocells are arranged in spaced
parallel lines. 30 5. A sem conductor wafer according to claim4, wherein

spaced parallel lines are spaced at least 0.2 nmapart but less than 3 mm

apart. 6. A senjgondAlgémicon@ictr daeic@Eshpidigd a Gbaiiefless logibefrey torgitisihg epeat i ng
nmodul e conprises at least two netal |ayers, 7. A sem conductor wafer

accor di ng tepeatingicaies, arghkPaiwhestin pllgast oanefl Bid area HOs ietiarconfigpeatle gghpri ses a
repeating Bgigsa%%cpfn §a}id As‘el%%h&&rt"&y&etvﬂ{e MFI %ﬁatas%ﬁ"n%r(?f' {égd tr%egﬂg?é g\&@s aygher ern
each of sal'd neta ayers conprises a repeating pattern. 9. sem conduct or
waf er accopldiedgadiaent @i twdsoppoliite gidas afldiet aremn &10; cand twlmareih sspielr B gar @rayr r anged
to forma specjfic die.size on, said rzlg&j c ndu?tor .WaLr]?tr.. 1 A sem conduct or

waf er accoftHRiGeY & IPeding @re fiks EdsUiiop fagafor cedisty lqga%}géagt H Ar ranged

to form atgleass /OWBnAUtibAY BPadFiRd fl gRRagimg. sai d senm conductor wafer. 11. A
sem conduct or device conprising logic cells and repeating 1/O cells, wherein

said repeating I/O cells are custom zed to different functions by using only

ffsc‘)t ﬁg‘v;’ing layefes angd IHRLRI el iEEE AN LT tiRleMedy Bt GlaF; HOPOLSES area

wherein at least one of said area I/Os is via-configurable and is located in said
semiconductor device such that there is logic adjacent to two opposite sides of the area
[/O; and wherein at least one of said area I/Os is a configurable I/O, and a redistribution
layer for redistributing at least some of said area I/O connections to pads used in

packaging.

17. A logic array device comprising: a borderless logic array; area 1/Os,
wherein at least one of said area 1/Os is located in said semiconductor device such that
there is logic adjacent to two opposite sides of the area 1/0; and wherein at least one of
said area [/Os is a via-configurable /O, and wherein said via-configurable [/O

comprises at least one metal layer that is the same for all I/O configurations.

18. A logic array device according to claim 17, wherein said configurable
/O further comprises: at least two electronic components; and multiple possible
connections among said electronic components, wherein a custom via layer is used to
complete at least one of said possible connections to configure said via-configurable

1/0.
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| ogic cells adjacent to opposite sides of the area I/O 12. A sem conductor
devi ce according to claim 11, further conprising repeating logic cells, and
wherein said sem conductor device is custom zed by using only customyvia

| ayers. 13. A sem conductor wafer according to claim7, wherein additional
custom |ayers are arranged to define at |least two different die sizes on
said sem conductor wafer. 31 14. A sem conductor wafer according to claim
13, wherein at |gasty Oggmg:fon (9' d%(lgecgé)rh?rﬁ%pra' S@tindus| §33E ARy

el ectroni ¢ conponents; | e possi connections anong said

el ect r oni ccaopneingerpeatingiteres; areal/Ols,ewbe{relomele@&ts:tn@mf\ﬁald drepyléPs fsslocaiesded t o

of Sard | oeepeieorguton i IO ButoR Ba0 R et R e G P Bl 023 O

| ogi ¢ arr ay &RBPositd§ides SPBAtakdddl/QOWREeinddt Sést 61@50f W’kﬁﬁﬁh N/ islaedist one of
said area I/Gs i's via- confl gur abl e and is located i n sai d sem conduct or
devi ce suckonfigarableori, ed whergin wisbuiercrpfigbntle U4t eompisse abi lead oametel o t wo

opposite S\g&%ttpafténlerlﬁe?ar O%BI/OQ&% gi&isn said logic array conprises a

repeating core and a redistribution Fayer for redistributing at |east sone
of said area 1/0 connections to pads used in packaging. 16. A sem conductor

devi ce conpri si a, borderl ess ar ra .are re| n at | east
one of said ar eg(gl / CA %egl‘?ﬂnﬂugﬁrnfi?vg‘i?r%f’é‘i‘@‘s av(é%av%ﬁe\g’ﬂ @55 gre o

sem conducty 1 A8 YA0RSs Rieated iPaid sdMaEShdustot @69/'1&: s@éili Hae i i9 })Ia ahpeai te sides
of the area 1/O and wherein at |east one of said area | is a

conf i gur abtoetWo @poalmiISldCSr eldihg tarqapl{@i whereinzay deast one plettiid arepd(ds i@ We- | east

some of saldlARid (& SRMIREELO0R: L8 BARRETd mBAEKAP)AG wlolpl 001 ©

array devi I C array, erein at
| east one nyersmadalartbasalniﬁ)ral$I/DCr©aﬁgdamo’nssal d sem conduct or device such
that there is logic adjacent to two opposite sides of the area I/Q and
wherein at | east one of said area 1/0s is a via-configurable 1/0, and

wherein said vigr coniigmicRligetér @afeP@&ﬁfSﬂls?ﬁgS aaéonltlﬁﬁ&k 1BpR dFRialvhbR¥er t hat
is the sane for all 1/0O configurations. : | ogic array devi ce according

to cl ai m 17aid eangineous legic (arr@ymcpmgmeablr@eatmg module containing logic cells and I/O

1

cells and a redistribution layer for redistributing at least some of said I/O cells
connections to pads used in packaging; wherein at least one of said I/O cells comprises

area I/0 having logic cells adjacent to opposite sides of the area [/O.

22. A semiconductor wafer comprising: a logic array, said logic array
comprising a repeating module containing logic cells and /O cells and a redistribution
layer for redistributing at least some of said 1/O cells' connections to pads used in
packaging; wherein at least one of said 1/O cells comprises an area I/O having logic

cells adjacent to opposite sides of the area I/O.

23. A semiconductor wafer according to claim 22, wherein said 1/0 cells are

arranged in spaced parallel lines.

24. A semiconductor wafer according to claim 23, wherein said spaced

parallel lines are spaced at least 0.2 mm apart but less than 3 mm apart.
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I /O further conprises: at |east two el ectronic conponents; and nmultiple

possi bl e connections anong said el ectroni c conponents, wherein a customyvia
| ayer is used to conplete at | east one of said possible connections to
configure said via-configurable 1/0 32 19. A sem conductor device
conprising: a continuous logic array conprising repeating cores; area |/GCs,
wherein at | east one of said area |I/OGs is located in said sem conductor

devi ce such that,.so of .sai e eatl n d ad acent .. to two
opposite sides df th Eﬁnélﬁorfd}j'@o ?‘%Olé({’) §° 6} % r%lgl regeatlln)ga is a
via- confi ghscdid €orhprides anwleawmvcﬁnﬁtawa;drsymefeenﬁu astadilecof] a{d eworpietsies at
| east two netal layers that are the sane for all 1/O configurations. 20. A

seni conductI&erﬁmmde%%%?qt%rpﬁmrar ea |/ Cs, where at |east one of said area
[/OCs is located in said sem conductor device such that logic is placed
adjacent to two opposite sides of the area 1/0; wherein at |east one of
said area |1/ Cs i2§ a Wmethocbnffagrjcaiing@ serh@ondustbrwheicaicampaisig vheastepsofii gur abl e
1/0 conprises at_|le %}: 2y, ersthat are the sane for all I/0

confi gurations. P2 15?%8?1‘?"58?1 ¥ 8¥°SH&¥er conprising: a continuous |ogic

array, wherein wmld% 6 ®BtdeAERUS i Q@rag, iatibaig @PTalisest 8p éaﬁﬂF%bte@@ncﬂfﬁdm e
containing logic cells and 1/O cells and a redistribution layer for

redistri butnlwghtat of agatl/Qpnivhereinsay ipast onec of sgid argy e tis d?f‘sﬁt@cdo"bédé used in
packagi ng; S\Mﬂ dfoﬁd&tcﬁtdebl%@%chqngt Bhne$2s8d #ép@ﬁ?ff‘é&?%%i%&b%%?djﬁ%ﬁﬂ% th© havi ng

| ogic cells adjacent to opposite sides o e —area seni conduct or
waf er conprdppodig:sides Ioﬁglecareer Vayan thaisemicogductoasulsyratecmdprhieseingt feastemeat i ng

nodul e contai ning logi.c cells_.and |/ cells and a redistribution [|ayer for
redi stri but®s @dé?eallggéfaé’@ncé’ng\guréged}a P8 celI's' connections to pads used in
packagi ng; wher gbihifd a RRSbRRE 18kr fRirdliskihtmglat RakQBME bEOSd aRa R 1/ 0
having logic cells adjacent to opposite sides of the area I/O 23. A

sem conduct or wafer according to claim 22, wherein said I/Ocells are

arranged in spaged py drﬂletjh%a (fom?lg%to%# w"zlésaﬁmaf‘s%% }lﬁﬁégﬁa?éplo%ccord' ng to

claim 23, wherein said space ines are pac east 0.2 nmm
apart but |ess tfdsr&ﬁn§pmmtapamect s8] semiconductor device to other devices, wherein at

least one of said pads overlays at least a portion of said logic array or a portion of the

area 1/Os,

28. A method according to claim 26 and also comprising the steps of:
placing and routing a specific design on said logic array; and
marking marks for an edge of a used portion of said logic array according to the

step of placing and routing.
29. A method according to claim 28 and wherein said step of marking
comprises photolithography, and also comprising a step of dicing said semiconductor

substrate according to said marks.

30. A method according to claim 29 and wherein said step of dicing

comprises laser dicing.
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25. A sem conductor device according to claim?22, wherein said repeating
nodul e conprises at least two netal |ayers, wherein at |east one of said two
nmetal |ayers conprises a repeating pattern. 26. A nethod of fabricating a
sem conduct or device, conprising the steps of: providing a sem conductor
substrate; formng a borderless logic array, including a plurality of
repeating cores and a plurality of area |1/ 0Cs, wherein at | east one of said

1/Cs is | d, id ' d i h id
epeating cores r o @) REA AnpoRiak TR b R sERPRUER Al SRRk ca) o

on the semoaadugtapaysubstrate and wherein at |east one of said area I/Gs
is a via-configurable I/Q and formng a redistribution |ayer for
redistributing at |east sone of said area I/GCs. 27. A nethod according to

claim 26 and al 39 COMPHERHLAdcdoRfing lotdaifti 31 anti%[s@iceﬁlpgﬁiqg thedtgRIppECt said

sem conductor device to other devices, wherein at [east one of said pads

overl ays at | eaglacingrodirp@imgof spseifid desigyi on said giconray apdsaif srenuiry ehiey; ar ea

I/ Cs. 28. A nethod according to claim 26 and al so conprising the steps of:

pl aci ng andquguti ng a specific design on said logic array; and marking marks

for an edge of andikiag makt ifen apfedg@iod d agidCpafisryf agidologicn @iy ahdi8aidst ep of

pl aci ng and routing. 29. A nethod according to claim28 and wherein said

step of marRemMRJY aEaYpeIOEHRS t9rbe Hep PhrRIaging#A roBtiRe- al so conprising a step of

di cing said sem conductor substrate according to said marks. 30. A nethod

according to claim?29 and wherein said step of dicing conprises |aser

dicing. 34 31. A3net Hodhetlodoadoriing o claahni26nd fwhetde saidostgy iof imagkinge st ep
nmet hod. accor di to claim3l a

of formng a nenor rray. 32, n d al so
conpri i ng PRENSEOHAoERRRL RIS EORRITE G 5P &8 4i5TRE s SRTISARS L o
| ogi c arr ayypqdteSRbstdBTBLYd dakidy; and marking marks for an edge of a used
portion of said logic array and said

34. A method according to claim 33 and wherein said step of dicing

comprises laser dicing.

35. A method according to claim 26 and wherein said logic array comprises

a module array.

36. A method according to claim 31 and wherein said logic array comprises

a module array.

37. A method according to claim 26, wherein said logic array is
interconnected by metal layers and via layers, and wherein at least one of said metal
layers comprises at least one substantially repeating pattern for a portion used for

interconnecting.

38. A method according to claim 26, further comprising the step of utilizing

a direct write technique to customize said logic array.
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menory array according to the step of placing and routing. 33. A nethod
according to claim 32 and wherein said step of marking conprises

phot ol i t hography, and al so conprising a step of dicing said sem conductor
substrate according to said marks. 34. A nethod according to claim 33 and
wherein said step of dicing conprises |aser dicing. 35. A nethod according
to claim 26 and wherein said |ogic array conprises a nodule array. 36. A

met hod accordi ngyto gl ai ' kdoal C.. ri a

nodul e array. 3%9.' A ne"?dr%}(q)gé]s %CSCOI’ (%%Hgia%@glsag{j%hf%% 5&%@%%%"@5?% array
IS intercormpeatingdtoby ancetvabrelnatyiestsp afifbrming ad laydariess lapd anfag cemprises theeast one
of said netal _layers conpris at | east one.su st,anti.&ll | gqﬁr eﬁeatli ng pattern
for a port riehOlRAHIGHS saidprep UGB At ioRgurreunding 12shing yithreghegt RALIGSTI ai m 26,
further cogpydrshidGepdagnst&p. of utilizing a direct wite technique to
custom ze said logic array. 35 39. A nethod according to claim26 and
wherein said logic array conprises a repeating core, and wherein the step

of formng a boﬁdﬁ”ﬁ%&etﬁ&&&cﬁég?c{i% %%%ﬁé,%réin%aidslg)glgaagayggg‘l%);ige%rg ng said

area 1/ 0s in a non-surroundi hrespect one of said
repeating fpefing40re, Androhbeth the spdifforniing 6 lbaiderles, logib array vompiisksltiegi ¢ arr ay
conprises a repeating core, and wherein the step of formng a borderl ess
| ogi ¢ ar r ajfeR BhpasitvamnERid ares Ks Hithgbwid $65 ?refgwgam Arieast erecf spidaFn sai d
core and wheg %istagla‘;i?_h?ggggrml/gf said area 1/Gs is said via-configurable

o} abr

/O 41. A netho Icating a sem conductor device with inproved vyield,
conprising the nethod of claim26, and further conprising the steps of:

testing and narki ng dyl e said logic array; .pl.acing specific designs on
said 1ogic arrabl oo ASlbSE b FyRilne, § Sriedidhabr oBGEE AR FRESEY: fefogi &7
array accogshpriifgth®memeawntiaih 2606 iffirtter 6QHHrENSS the 5P b9 and nmar ki ng sai d
speci fic designs; and ) . )

testing and marking modules on said logic array;

placing specific designs on said logic array so as to avoid faulty modules;

customizing said logic array according to placement of specific designs;

testing and marking said specific designs; and

dicing said logic array according to placement and marking of specific designs.

42. A method according to claim 41, further comprising the step of utilizing

a direct write technique to customize said logic array.

43. A method of fabricating a semiconductor device, comprising:

providing a semiconductor substrate; and

forming a borderless logic array, including a plurality of area I/Os, on the
semiconductor substrate, wherein said logic array comprises a plurality of repeating
cores, and wherein at least one of said area [/Os is a via-configurable I/0O, said via-
configurable I/O comprising at least one metal layer that is the same for the various I/O
configurations, and wherein at least one of said area I/Os is located in said
semiconductor device such that some of said repeating cores are placed adjacent to two

opposite sides of the area I/O.
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dicing said logic array according to placenent and marking of specific
designs. 42. A nethod according to claim4l, further conprising the step of
utilizing a direct wite technique to custom ze said logic array. 43. A
met hod of fabricating a sem conductor device, conprising: providing a

sem conductor substrate; and form ng a borderless logic array, including a
plurality of area I/0s, on the sem conductor substrate, wherein said |ogic

array conprises4a pl jAradthdd/oOhbli@BERh c0GomEaHIE SemidBsHudhR eV ide, bmlpaisisig: one of
said area |I/OGs is a via-configurable 1/O said via- configurable 1/0O

conprising at | peyidingesampicendurigyaybstraier is the sanme for the various 1/0
configurations, fcﬁ&% EBI%'eHes@tl?éii?ﬁﬁ v, 9RQudh §§'hﬂaﬁt&%? rgéeg?mé RoleGRY g4 1N
ctor hat”’s ald repeating

said sem condu evice suc one o cores are placed
adj acent t pluraliy obpree 3iCsgors theessmidontiineorasubsiratd, @heiin dtdleash ofre bhiedd afea

fabricating a .custom zabl e sem conductor device,.co I Si.ng: roviding a
seni conduc?/& lgawéﬂt-_?%{ffa}lraﬁ&ﬁ&nag%rewgw Re<0 Bl Ry P3ys 9?%5&@#%8 a

plurality QfmiceRRRidABvViEQLRE tRildome oPbdd &dpkttheQlordlagdplatddadjfnt B8wo
sem conductor substrate, wherein at |east one of said area 'I/OGs is a

vi a- conf i guppdsite sideQof thpeneail/®); and | east one of said area I/Cs is located in
said sem condU(L:l .Pr.ndegirc&‘ﬁgcgecﬁr}at Yol 01; sa.iddS rg:%g titnlgqecorees are pl aced
adj acent to two 16%p%§|l% B I S TR - T e M o = N R Htf a direct
wite technique to custom ze said sem conductor device. 45. A method of
fabricating a sem conductor device, conprising: providing a sem conductor
substrate; fornfhg a’Adssthet P%@E“‘F”&‘@BéS‘é!?‘%“ﬁ?‘?ucgorﬁé?ﬂﬂ?’ﬁ@m@%‘l“&'r ality of

repeating cores  aReife 2 Bibttaddubior Sibsah@a |/ Os, on the sem conductor
substrat e, whergﬁl alll?g?east orllle (r)?.f ssalsd’ area |/0s is a via-configurable

|/ O, wherein at fdredsg a bneledéssdagid ammpantlidisg iagplirebtytEcrepeatipgicdres and a

sem conduct or devi.ce h that sone of said repeati.n ores are .pl aced
2 ncent & BElg ob e ditfuot MesRonpioS bl Bon . FRY PR 3T FiP 5t o gui de
a dicing pragsss.via-6énfighrabRT/O0 NG04t 168Y biColCRAMPARS 18 is Jodaddeishigss | ogic
array including a plurality of repeating cores; _

semiconductor device such that some of said repeating cores are placed adjacent to two

opposite sides of the area I/0; and

creating marks to guide a dicing process.

46. A semiconductor device comprising:

a borderless logic array including a plurality of repeating cores;

area I/Os to facilitate one or more inputs from and one or more outputs to one or
more components external to the semiconductor device, wherein at least one of said
area 1/Os is located in said semiconductor device such that some of said repeating cores
are placed adjacent to two opposite sides of the area I/O and wherein at least one of said
area 1/Os is a via-configurable 1/O;

a redistribution layer to redistribute one or more of said area I/Os; and

at least one pad to connect said device to at least one other semiconductor
device, wherein at least one said pad overlays at least a portion of the logic array or a

portion of the area I/Os.
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area |1/ 0Cs to facilitate one or nore inputs fromand one or nore outputs to
one or nore conponents external to the sem conductor device, wherein at

| east one of said area I/Cs is located in said sem conductor device such
that sonme of said repeating cores are placed adjacent to two opposite sides
of the area 1/0 and wherein at |east one of said area I/Os is a
via-configurable I/Q a redistribution layer to redistribute one or nore of
said area |/Gs; 4and ghe k@Risbndu0Rr Bédcd Rc6RAMPASICISAI 45, B@tes Eorhpridhg:| east one
ot her sem conductor device, wherein at | east one said pad overl ays at | east
a portion @fbordeelessgperBora¥@y. or a portion of the area |/ Cs. 37 47. The

sem conduct or device according to Claim46, further conprising: a

borderl ess nmenory array. 48. The sem conductor device according to C aim46,
wherein said | ogBc dhe aymxonpudtaedevia avooiding @ Chym 460 .wharee seidologigct or
device conprising: .a borderless logic array, including a plurality of
repeating CYPESORAYE®ne or nore logic array interconnections, wherein said
one or nore hQfiCarddyf @y i nterconnections conprise metal layers and via

| ayers, and wherein at |east one of said nmetal |ayers conprises at |east
one substantially repeating pattern for a portion used for said logic array
i nt er connect i ongy, ar aselr{igobndhgtoxtgegiéeic%?nt e.qne or nore i nputs fromand one or
nore outputs to ghe r= o nor e conponentspexlfjér nal to the sem conductor

devi ce; and sematritdeisdogidavay,dncludihgn @lualiay of ppsitingeredfand ahéloomea |/ Os is
| ocated in said sem conductor device such that sonme of said repeating cores
are pl aced 88if #E@KtINEEORNRSLGHD R AN SReICPT IIRES MG Alrpintergapnegtions

[ edi Str i butdofirit@Rhal 12es IRE VRCALGONIMChAErCACH! B8 ARE U dallOimkpy TRk 49,
wherein at least two of said netal layers conprise substantially “repeating
patterns feomposdsi ayreasuseisibstangallydrepéadig patemdyr & pogiooarsad €on aikloghl. The
sem conduct or dr—ivi ce according to Claim49, wherein at |east three

array interconnections;

area I/Os to facilitate one or more inputs from and one or more outputs to one or

more components external to the semiconductor device; and semiconductor device,

wherein at least one of said area 1/Os is located in said semiconductor device such that

some of said repeating cores are placed adjacent to two opposite sides of the area 1/0;

and

a redistribution layer.

50. The semiconductor device according to Claim 49, wherein at least two
of said metal layers comprise substantially repeating patterns for portions used for said

logic array interconnections.
51.  The semiconductor device according to Claim 49, wherein at least three
of said metal layers comprise substantially repeating patterns for portions used for said

logic array interconnections.

52. A semiconductor device comprising:

a borderless logic array including a plurality of repeating cores;
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of said netal |ayers conprise substantially repeating patterns for portions
used for said logic array interconnections. 52. A sem conductor device
conprising: a borderless logic array including a plurality of repeating
cores; 38 area I/ OGs positioned in a non-surrounding fashion with respect to
said borderless logic array, wherein said area |I/0Gs are to facilitate one
or nore inputs fromand one or nore outputs to one or nore conponents
external to thearselDs postiaiedrin d@en-cerrowmdohg fashidncwitldl cespet todaid loederlend wher ei n
at | east ope. of saig ar ea. /CB/is Iocq;eﬂ in said senigggduct r device such
that some GRS ¥ ?fgﬁltﬁaf#gar%l% AL © IBTHREL ST VARG TG NG 9P te si des
of the aregold &Ct?m’lﬁl t¥MORE Qr Mndte doRPSherNExtBhalSRl fe ABARohAdor SeviteY hid
configurable I/Q and a redistribution layer to redistribute at [east some
of said aremiggndyctor ggvice, andnaeypiguaitlesst @a¢ iof saidorip I/8ksnig:loeatasbindsaid ess

00l ¢ ar T ayonil AAuABT ASRLESTH HRTSGmaPT o ROIRMETLAL ot SIERAAL NGy (JRAI € and 2
plurality of repeating cores; area positroned 1 n a non-=surroundi ng
fashi on wi bdpposies pided of oheatreh dA3 tand nehepdin as deadt bapeftsaidgarem didiseis,a wher ei n
said area |/ %Ledhg facilitate one or nore inputs from and one or nore
out puts t ocHHEUBPleH? donponent s external to the semiconductor device; and
sem conduct or  deyiitibuiof 1R IEkelisRibuledR ithstQBfe OF sai@hda R 1/ 0s is |ocated
in said sem conduct or devi ce such that some of sald repeating cores are

pl aced adjacent to two opposite sides of the area I1/0O and wherein at |east
one of said areg, I/ is.a via- confiqurable I1/Q and a redistribution |ayer
to redistribut e%at %3‘?{"%8%&?%(1%?5?8%?%%“5'/ OCs. 54. A sem conductor device
conprising: a bomdederless Idgdgiafra@l thaybdi@drekd 36di@ adrapl dohrising Ofrefeapeat i ng
cores; area |/ 0s, at |east one of said area |I/0Os being a configurable 1/Q
wher ei n sam@dulgpaga plurglity PErepgatingorest at e one or nore inputs from and one or
nore outputs to I i : r : ! r

dovi cor and uheres BOAPOTSane aRAASRCR L BEA M@ HRpoEa ERTELE

sem conducsaid repeatingemedides, thateirssaikared I/Oaiack to dpelitateope oo mese inpos fpinaced

adj acent to fwo opposite sjdes of the area |I/O and wherejn at. | east one of
1 t %
sai d and one o ore outpu S t0 one or more components external 0 he semiconductor

device; and semiconductor device, and wherein at least one of said area I/Os is located
in said semiconductor device such that some of said repeating cores are placed adjacent
to two opposite sides of the area I/O and wherein at least one of said area [/Os is a via-
configurable 1/0; and

a redistribution layer to redistribute at least some of said area I/Os.

54. A semiconductor device comprising:

a borderless logic array comprising a plurality of repeating cores;

area 1/Os, at least one of said area I/Os being a configurable /O, wherein said
area 1/Os are to facilitate one or more inputs from and one or more outputs to one or
more components external to the semiconductor device, and wherein at least one of said
area I/Os is located in said semiconductor device such that some of said repeating cores
are placed adjacent to two opposite sides of the area I/0 and wherein at least one of said
area 1/Os is a via-configurable I/O; and

a redistribution layer for redistributing at least some of said area [/Os.
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area | /GCs is a via-configurable 1/G and a redistribution |ayer for
redistributing at | east sone of said area I/0s. 39 55. A sem conductor
device conprising: a borderless logic array conprising a plurality of
repeating cores; and area |1/ 0s, wherein at |east one of said area |1/ GCs
conprises a via-configurable 1/0O and wherein at |east one of said area I/ Cs
is located in said sem conductor device such that sone of said repeating
cores are placefs.adj Asemicohdudiovaleojpposprisisd:des of the area I/ 0O and wherein

at | east one of said area. I1/Cs is a V|ap§onf|ggrable |/ O 56, The
seni conduct or dBPPIIErIEss Iogic pray qRmysising g RvaNtY 08 FpEREERpres; 8¢ edi st ri buti on

llayer for redi shih s ReRlin latefé§§t o‘ﬁ@rE? &bl a3 E‘O@'&@nﬂpxllée@a v1§1:onf‘fgurable
semn conduct or device conprising: a logic array conprising a plurality of

repeating ¥6rans; whaiein\at deagiopfei @maaibarea VDexés loghted & spidsemisanductmalevice sai d
via-configurall & 4, gsof sﬁ@%&%aﬂ% @orﬁ Iléc;#l&reg aﬁﬁc&?%’ v?o %)?posf{é %dgso@ff fygurabl e

/O to be configure I'npat; as a
si ngl e- enderta OAQt mdt wheasinat raasrttohelfmd &edll/Of Baeﬂh-lc&hﬁgUrmuI/Opalr and as a
portion of a differential output pair, and wherein at |east one of said
via-configurable I/0Os is |located in said sem conductor device such that sone

of said _repeatigy CoResLemdllArasiAdiareiin's3. AiReORAGRIIE. S des of the

vi a-configurable 1/0 . The sem conduct or eV| ce a to Cl ai m46,
wher ei n saadedlstehutmri@bwmtfmredietvnbumgrsl%astrmmg@dsaid atp@ I@svi ded into nultiple
devi ces. 40

57. A semiconductor device comprising:

a logic array comprising a plurality of repeating cores; and

via-configurable 1/Os, wherein at least one of said via-configurable I/Os
contains a structure to enable the via-configurable I/O to be configured in the following
forms: as a single-ended input; as a single-ended output; as a portion of a differential
input pair; and as a portion of a differential output pair, and wherein at least one of said
via-configurable I/Os is located in said semiconductor device such that some of said

repeating cores are placed adjacent to two opposite sides of the via-configurable 1/0.

58.  The semiconductor device according to Claim 46, wherein said

semiconductor device is arranged to be divided into multiple devices.
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